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I. Om tf^ nemy qf SuMiuihitt in C^emhtryr proposed hy 
M.DanMM« a J^eMer I0 M. Pelotiaeyim M. Bendius*. 

"you will perhaps permit me to return once moie to M. 

Duaias's theory of substitutions, especially after the 
Hew development that this skilful chenibt has lately given it, 
ft. development whtehf Moordlng to hinii threatens to over- 
turn the theory of chemistry in eeneraU and especially electro- 
chemical notions. You renieim>er that in a preceding letter, 
I declared my opinion, that the application which has been 
made of the theory of substitutions, in considering chlo- 
rine which takes the place of hydrogen, as acdne the same 
part as this latter, is contrary to the principles of the science, 
and I quoted some examples on this subject, which I think 
prove it in an unequivocal manner. In begging you to com- 
municate the contents of this letter to the Academic dcs Sci- 
ences, 1 hoped iliat M. Dumas would have the goodness to 
explain under what point of view he rcn;ards tnj theory in 
(junatiun. JIl- lias, indeed, complied witli this request, and in 
a manner which, with the exception ot' some details foreign 
to the question, has entirely satisfied me. 

Ill the Comptes Rendus of 1^" semestre, p. 699 and 

the iuUowing pages,) AI. Dumas lias dibclaiuied this explana- 
tion of the theory of substitutions: ^ If I am made to say 
that chlorine takes the pUce of hydrogen in such a wa;^ that 
the former acts the same part as hydrogen, an opinion is im- 
puted to me," says M. Dumas^ against which I protest^ for it 
IS opposed to all that I have assemd on these matters. The 
theoi^ of substitutions merely asserts the simple affiniQr be- 
tween hvdrogen and the chlorine which takes its place in 
equal volumeb It is an empirical law which deserves our at> 
tendon only as long as it holds good, and if any one has 
made it of more importance it is not my iaulL'' 

• Prom the Aim. d§ CSItM. et de Pht/s., vol hci. p. 137- 

Mag. 8. YoL 1$. No. IQOnJaiu IWh B 
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2 M. Berzelius on the Theory <^ Subititutum ofM. Dumas. 

Tills assertion of M. Dumas is in perfect harmony with 
my way of thinking; uliaL has led to a misstatement of iiis 
opinion is probably the inipi oper denomination ol ^heoty of 
iubstitutionsy for an empirical law is not a tlieory, and the 
word < substitution ' has long since been used in chemistry to 
signify the replacing {remplacmeni]* of one body by another 
which acts the same part as this body, and M, Dumas has lately 
changed this word for another, which is very well chosen, 
metaiepsie^ signifying replacement \r€mplacemen£\^. 

In the Comptes liendus of 18d9i (1^ semestre, p. 909), M. 
Dumas has more lately given a new explanation of this the- 
ory, but quite opposed to tlint just mentioned. He made 
the beautiful discovery that c ry staliizabie acetic acid 

H, exposed to the light of the sun in an atmosphere of dry 
chlorine, is gradually decomposed, and that an equal Tolnme 
of chlorine completely takes the place of the hyaragen. A 

new acid composed of H*' O*, H, is the result of this ac- 
tion, some of whose properties he Eas described* 

The conclusions whicn M. Dumas draws from thb fact are 
the following: the chlorine in taking the place of the hydro- 
gen atom for atom, acts the same part as the hydrogen\ an 
acetic acid is the result of this, which differs only from the 
other in containing six atoms of chlorine instead of six atoms 
of hydrogen, and on this account he gives it the name of 
chloracetic acid. It ]K)ssesses the same jirnpcrties as the 
ordinary acid, so that ii we know the properties of the hitter, 
we equally know those of chloracetic acid. This is caused 
by the properties of a body depending rather on the type of 
the composition than on the particular characters of the ele- 
iiieut which has been exchanged. In organic chemistry, says 
he, there exist certain types, which are preserved even when 
equal volumes of chlorine, bromine, or iodine have taken 
the place of the hydrogen which they contain. He infers 
from this that there are two great leading principles in che- 
mistry, which are isomorphism in mineral chemistry, and sub^ 
stituiion in organic chemistry. He supposes that these prin- 
ciples oricinate from the same cause, and that in due time 
they may he generalised under one common expression. 

M. Dumas adds that neither isomorphism nor the theory 

* As precision in tfic use of terms is very inij)ortant in this subject, is 
not mctalvp^;! ohjertioiniblp as siL-nilying eitfier jHiriicipalini nr succession? 

With regard to ihc practice of rendering the i' rcnch rcmijiaccr, rcniplacc' 
meiU, by Uie English 'replac^t ' replacement*, which answer to the French 
replacer, &c., and have an entirely different meaning, it is a slovenly shift, 
wnich ought always to hnvebeen rc^tsfcH, as causing con*; tan t ambij^uity and 
confusion. Can cheiuisu fioU auv auihority for such a n(^rveii»ioa of both 
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M. Berzelius on the Tkeoty of Substitutiom ofM* Dumas. 3 

of substitution harmonizes with electro-chemical opiniooSi and 

OS these hitter have not, according to him, the property of 
yielding to facts or of explaining or predictincf them, he dis- 
patches the electro-chemical theory by sayiug, It must be 
adniiLtud thu l is nothing in it." 

This IS c«rtamly a complete revolatkm in the state of che- 
mistry. 

When questions of such importance to science are treated 
of, the love ot audi should cii:5Uic a mature examination of 
the propositions of the author of such a revolution, for the 
puipoM of engaging us on hb side if be is right, and of op- 
poiUig him if be ia wrong. 

One of the mat advantages of the theofy of aubstitutiona 
om electro-chemical opinions seems to be, that the tvpe of 
compoaitioii preserves the same properties after the exchange 
of hydrogen for chlorine. 

Let us then examine the few properties of ehloracetic acid 
which M. Dumas has described, and compare them with those 
of acetic acid. It will be seen that these two acids differ infi- 
nitely more from each other than do formic acid and acetic acid« 



ACETIC ACID. 

Smell stronnr aful pnn^Ltit. 
Liiquid at common tempera- 
tures. 

Solidifies a I about 50° Fahr^ 
boils at about 212"^. 

Specific gravity 1*06. 

Potash salt deliquescent. 

.ASther Teryflnid, odour ethe- 
real ; floats on water. 



CHLono ACETIC ACID. 

Scarcely any sniell. 
Solid at common tempera- 
tures. 

Solidities at about 187° Fahr. 
Boils at al)uut 392"". 
Spec i lie gravity 1*617. 
Potash salt unalterable in 

the air. 
iEther oleaghions^ odoorlike 
mini; dnks in water. 
These twoacids^ therefer«» Ka^ no odier resemblance than 
that which belongs to adds in general, and it might be stated 
that ehloracetic add resembles snlphnric acid as mudi as it 
doea aeetlc acid. Thus the type does not lead to an antici* 
pation of the particular properties of an acid in which hy- 
dro<^en is replaced by* chlorine. 

with respect to the composition of ehloracetic acid, M. 
Dumas is of opinion that it is formed of three atoms of oxy- 
gen and of one atom ( >t" a radical composed of four atoms of 
carboii and of six ;it iii-^ of chlorine. In cxaminini]^ into 
this com})Ohition, it i»alui ai to incjuire if other bodies \\ liich 
have nn analogou.^ composition are not known, and wljciher 
M. UiHiias's opinion is not equally applicable to them, for 
it is evident tliai iiny <^.\pianauun not applicable to similar 
ou^ht to be rejected. 

• rtmplavi par.^' See preceding note*.— R. T. 

B 2 
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4 M. Beraelbs on the Theory ofSuhUiHOUm ofM, Domfla. 

C!il(n*acetic acid is composed of carbon combined with 
cliioi ine and oxygen. There exists a numerous class oi similar 
conibiiiations ; it is divided into three subdivisions according 
to the radicals combined with the chlorine and with the oxy- 
gen; these shall be considered in rotation. 

1. Simple electro-positive radicaLs. — This subdivision is 
very numerous and well known : it consists of the basic mu- 
riates of the ancient theory of the nature of hydrochloric acid* 
The ffeneral opinion, which has not been contested, is that 
these liodies are composed of a chloride and an oxide. They 
are readily decomposed and reconmosed. 

In applying the new theory of &L Dumas to the compound 

Pb CI + SPb, it should be expressed by Pb* Cl« + S O, in 

which Pb* Cl^ is a radical composed of lead and chlorine. 

I am persuaded that M. Dumas would protest against this 
extension of his views; but if they are true, however, it is re- 
tjuisite to do so, and to be couhibtent, we must go still further, 
and consider the salts of the oxacids as oxides of a radical 
composed of that of the acid and also of the base, sulphate 
of potash, for example, as KS + 4> O. 

fi. Simple elednhuegaiive radieaU, — The number of com- 
binations known of this class is very limited. They are to be 
considered under two diftmnt points of view. M. Henry 
Rose^ who discovered the combination of chromium belong 

ing to this class, considers it as composed of Cr 4- 2 Cr, 
and this manner of viewing it has been generally adopted. 
It has since been proposed to consider it as chromic acid in 
which an equivalent of chlorine is subsdtuted for an equiva^ 
lent of oxygen. This manner of viewing it is more simple, 
but it is easy to prove that it is not correcCf for the chloride 
of chromium may be replaced by other chlorides^, and we 
have several examples of salts formed of an atom of a chloride 
and of two atoms of chromic acid ; but the preceding hypo- 
thesis admits only a single relative number of atoms of chlo- 
rine and of oxygen, although several arc known to exist. 
Conse(juentiy, the only ntliuissible explnnalion in tliis class of 
bodies, is that of coubideruig them as composed of a chloride 
and of an oxide. 

The Ibllowing are tiie only combinations of this species 
hitherto discovered ;— ' 

Radicals. Formula. Authors. 

ISulphur S Ci'^ 4- S Regnault. 

Do SCl3 +5*S 

* ** te lame icmpiacer par d' antra chloruret**' 
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WHifT>'*i Formnlii. AuUion. 

CaiboK CCI* +€• Dania8(cb]oraoetic acid.) 

Da C Cif + Ci J. Davy (phiM^ne gas.) 



Moljrbdenum MoCF +2Mo H. Rose, 
'^logsteiiium d Wa^4- W Bonnet. 
Do. H.Ro8e. 

Ghromiam CrCP +2Cr Do. 

You observe then that the chloracetic acid of M. Dumas 
is iiiirely a combination ot oxalic acid with a chloiiUe ofcar- 
btJii, correspond in to the oxalic acid itsel£ Its acid charac- 
ter d ^ ill be hereailei' coxibidered. 

8» Compound Badieals* ' 

Radical* Formula. Authors. 

Acetjrle 2 H** CP + 11 Malaguti (chloric rether.) 

Formyle C* H*. Cl^+ C* H* Laurent (acetate of naetbykn 

with chlorine). 

Ben26i1eC»^H^«CP+2C»*H'^03 Liebig and Wluxler (chlo- 
ride of benzoilc . 
Elayle ff) 0» H* CI + C* O F. d'Arcet (chloretiieral). 

CSH« CU^Q^-fC^H'O' Kane (metfaylic chloral). 

C^Hs CIPCI^+CHSO** Laurant (chloroph6ndsic 

acid). 

aw aH«C11<+G9H«0*« Id. (cUoioph^^ic acid). 
C7H» C'H^Cl^ + C^IPOW Pina (ehlonde of salicine). 
C»*H'o C'*H»oCl^ + 4C'»H»M)^ Id. (Id.) 

C»*H« CWH«a+C"H«0« 

+KHf ^ Id. (ddomamide). 

. The oombioilMMia maiiwd with an aaleriak posses* the |m* 
peM of uniting with hasas without abandooing the chloride 
combined with theniy resemblii^ in this fcspect the vegtUi^ 
suli^httric and vegeto-nitric adds, &c. &c into the composition 
of which many different substances may enter. These combi- 
jiatioDs are five in number: observe then that the chloracedc 
acid is not a solitary instance of a compound of this kind, and 
th»i in order to explain its properties»it is by no means requisite 

t The oajae which I have given to the sub&tance O in the oil of 
tb« Dntcfa chsniiti sod la the s»thsNsl isltt of plstiaa. 
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to isolate it from other analogoas oombinadons^ and on ita 
account to imagine new views contrary to the general system 

of chemical knowledge. 

The chloric aether of M. Malaguti may be considered in two 
different points of" view. As obtained directly with aether and 
chlorine, it is v( i y pi obtible that it is compoised, as above men- 
tioned, of an atom of acetic acid and of two atoms of chloride 
of carbon, corresponding lo the radical of this acid. But 
when, for example, benzoate of ethyle is decomposed by chlo- 
ruie» it appears that the substance produced^ and which re- 
mains in combination with the benzoic acid, has the farmola 
which I gave in a preceding letter, 

I will also add some examples of combinations of oxichlo- 
rides with other bodies; but they are confined to the oxi- 
chlorideb oi carbon. For tiie sake of bi tvily, 

EwiU be - OH'", ethyle; 

Me ss C* H% methyle ; 

F C H% formyle. 

A. Marcet and myself (sulphuret 
of carbon treated with nitro- 
muriatic acid), 

Dumas (chloroxicarbonic sether). 

Do. (chlurocarbonate of methyle). 
(Chloral). 

Kane (methylic chloral). 

In the last the radical may also be considered as H% 
that is to say, that of the citric, tartaric and succinic adds* 

In order then to avoid the revolution which threatens elec« 
tro-chemical views, it will be seen we have only to place the 
symbols of the formula of chloracetic acid in an order 
rather different from that of M. Dumas ; and by this slight 
change the new combination is placed in a class of pre- 
viously known bodies. An epocn has arrived in which a 
glimpse of a chemical theory of orirnnic combinations has 
been perceived ; lint if insfend ot" allowing'' it to develop as 
expei ii ncc extends, it is wished to base it iqion isolated facts, 
viewed without regartl to iheir relations with the system of 
general knowledge, and on explanations which do not har- 
monize Willi ihepriiicipleii of llie science; and if, be^ided, il be 



(CCl^+C)+(SjCl»+S) 

(CCi_*+C) + EC 
(CCP + C) +Me C 

(ccif+c)+Fa 

(CCI«+C)H-PC1 
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concluded that this want of agreement should make us reject 
as erroneous principles which are otherwise well founded^ the 
truth will never be arrived at. 

This is nearljr all which I have thought necessary to say 
upon this occasion for the defence of dectro-chemical opi- 
nions; but before I conclude^ I will add a few words relative 
to the discussion on the organic metamorphoses produced by 
bea^ a discussion in which MM.Dumasi Peligo^ and Payen 
have given an opinion contradictory to mine. 

M. Dumas thinks that I have deceived myself, because be 
has found an ethylic combination which includes metamor- 
phosed citric aciil. Tlie existence of this combmation 
proves neither more nor less than the existence of the other 
metamorphosed combinations. 

M. Payen has shown that the amylate of lead, heated to 
266** Fahr. yieltis no more water when heated to between 266® 
and 356\ without being partially decomposed. This is pre- 
cisely what I have myself proved. I did not examine what 
took place below 266^ With regard to this I referred to the 
data contained in the memoir published by this skilful che* 
mist upon starch. 

M. Peligot^ who, I know not why, considers as an attack 
upon him the explanation which 1 have given of an observa- 
tion made by him, and the accuracy of wnich I have verified, 
M. Peligot endeavours to prove that 1 have advanced! inac- 
curate facts. I am })ersuadcd that M. Peligot obtained the 
results which he quoted in opposition to my views ; but I 
must beg of him to believe as much of mine. The cjiiestion 
is then reduced to dLtLi [ninin<»' the conditions under wliich a 
body metamorpho2>ed b^ iieat js reproduced by the action oi 
water, and those under which it is not. A careful study of 
organic metamorphoses will, perhaps, discover these oondi> 
tbns. I shall perhaps at some future period return to this 
subject. Your devoted friend, 

Jac. Bsazsutrs. 

Stockholin, July Id* im 

Additional Nitie 07i Oxichlorides wUh Compound Itadicak, 

By M. Bbbsblios*. 

''f^HE excellent work of M. Malaguti on the reaction which 
^ chlorine exerts on sethers, affords no less than seven new 
examples of this kind of combination. 

1. Chlorinated sulphuric other of M. Malaguti is composedt 
as we have sbown^ of 

* From the Ann, de Chim. et de Ph^t., vol. hu. p. 340* 
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1 At. of acetic acid ... « 4 C 6 H O 
9 ftt of we^ chloride » 8C+12H+»a 

(A= C^HCQ^and AC|9 = C^H^Clf) A+A CP - 12 C-f-18 H+J2 U+S O 

v'hich contains three times the iniiiiber of simple atOID8| in 
the formula of M. Maii^ti s C« Ci^ O. 

2. Sulpfmrrffrd <rfhcr, C^H* S* O, coiiUtii8» in tripling the 
number of simple atomsy 

1 at. of acetic acid = 4 0+ 6 H +8 O 

S at. of acetic solpboret S3 8C + 12U + 6S 

(AS^ = AJ A + 2A = 12C -flBH + 6S -fSO. 

3. ChlorostdphureUcd cPtha\ = S CI' O, the number 
of simple atoms being nuillij^lloci by G, contains two atoms of 
acetic acid, tv, o atoiui* at iictilic sulphalc, and Lwo atoms oi acclic 
chloride, which mav be represented b^ the combination of an 
atom of No. 1. and an atom of 

NaSa (A + s2) 4- (A + SA CF). 

It Is probable that in treating the acetic oiicbloiide (No. 1) 
by Milphnret of ]cad» we ahalT obtain No. S or Nq> 89 as the 
decomposition may be more or less coinplete ; just as when 

Ba ^ + Ba (Bz s C*' H''') 

is treated by sulphuret of lead, we obtain Bz + 8&. 

4. ChlannaUd ateiic other, Cl^ H^* give% on multi- 
plying the number of simple atoms by 1 \y 

S at. of acetic acid ... v 8 C + 1^ H + 80 

1 at of acetic chloride » 4C+ 6H+6C1 

ACl + 8Aa 12C + 18H + 6C1 + 60 

This combination is proportional to those of sulphur, chro- 
mlnniy molybdennmy tungsten^ and benzoyl^ with chlorine 
and oxygen. 

5. Chlorinated formic (ether^ H'* Cl^ O', of which if we 
triple the number of atoms gives 

2 at. of formic acid a 4 C-)- 4 H +60 

1 at of formic chlorid* -» S C+ 2 H+ SO 

2 aL of nccfk arid = 8 C-f-lS Tl-f- +60 

1 at, of im:«uc chloride ...= 4 C-f C H-f- G CI 

jr»C>H^(FCl*-fSj^+(Aa^|-Sl -IS C+24 H-f 12 Q-i-U O 
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6. Chlorinated camphoric ather^ C" CI* O*, of which 
we triple the number of simple atoms, gives 

2 at. of camphoric acid ... =30 C+28 H 4-60 
1 at. of camphoric chloride = 10 C+l 1 6 CI 

9«C. of ■calie add ^SC+liil-f +60 

1 •!. «f tMlie cUoride...... » 4C4 611+ 6a 

(Cft-C«» H*«) (Gft^+a Cft)+(A a>+S A)-4S C+66 H+lt a+M o 

7. (Mmnated benzoic nHker, « Cl« O^, muUipUed 
by 3 gives 

2 at. of benzoic acid = 28 C + 20 H -f- 6 O 

1 at. of benzoic chloride ... = 14 C + 10 II + 6 CI 

1 at. of scetic acid 4C+6H-f SO 

eat of aoetic chloride = 8C+12H+I2a 

( B / CI ' + « B») + e A Cl» + A) s= 64 C + 48 H + 1 8 CI + 9 O 

8. Chloritutfed ccnanthic eether^ C" H^€l« O^, does not 
contain the radical of amanthic rcther. M. Malaguti has found 
that the alkalis, in dtsuoyin^ tlie acetic oxichloride, combine 
with a new add« which lie analysed^ and ibund to be com* 

posed of H« Ci* 0»+ A the radical of which conse- 
ouentljr i« C** Expressing this radical by the symbol 
ue acid in the anhydrous state will be composed of 

1 at. of the acid of the radical a=14C + 22H +40 
1 at of chloride of the same x = 14 C + 22 H +8 CI 



4? CH + * as «8 C + 44 H + 8 Cl + 4 O 

It is therefore one of those oxichlorides, iliu [icid of which 
couibiiies with the bases without separating t!ic cliioride. If 
as M. Malaguti ^supposes, and as is probable, this body enters 
into the composition of chlorinated ccnanthic aether^ this latter 
contains 

2 at. of acetic acid = 8C+ 12 H -f. qQ 

4 at. oi acetic chloride...... = 16 C+ 2411 + 2401 

3 at of the acid x = 42 C -f 66 H + Q 

8 at of the chloridex a\.. B 42C-f 66H-t-84CI 

2(3 A CF+A)+3 (arCH+jT) «108 C+168H+48C1+180 

which makes two atoms of acetic oxichloride for three atoms 
of the oxichloride or radical C*^ H% and six Uines the num- 
ber of simple atoms nidicated m the formula of M. Malaguti. 
With f^rd to the methylic acetate^ it appears that it fur- 
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nisbed the same combinations ns the ethylic formiate^ as iiH 
deed would be foreseen by tlieory. 

Chloropyromucic asther appears to contain, according to the 
last experiments of M. Malaguti, clhylic oxide, combined with 
an acid which is composed of an acid and of a chloride. When 
it is saturated witli bases the acid does not separate from it. 
Any coqjecture as to the composition of the §ad and of the 
chloride united with it would at present be premature. 
StocUioIin, August 20, 1839. Berz£LIU8» 



II. Experiments on Mechanical Exosmose xvith reference 
to determining the Existence of any difference of Magni- 
tude between liquid and gaseous Particles, By Jut jus 
Jeffreys, M,R.C*S* late ^ the Hon, East India Comi)ani/s 
Bengal Medical Service.* 

XPERIMENTAL inquiries into the molecular constitu- 
tion of bodies, being in their nature very difficult, no 
means of bringing the position or the relative magnitude of 
their particles under observation have^ so far as I am aware, 
suggested themselves^ if we except a latnt light which of Ute 
electricity, crystallography, and optics have beautifully thrown 
in among them. 

The subject having been of too much interest and import- 
ance to be neglected, much speculation has supplied the place 
of experiment. In physical inquiries, however, hypothesis, 
valuable in connexion with experiment, is dangerous to phi- 
Ioso]^liy without it, and I should not venture a word of the 
former, but in its relation to the latter. 

The experiment I have to relate may be called, in the abs- 
ence of any other term, mechanical exosmose. It was per- 
formed indeed in 1S29, some years before this word was intro- 
duced, to denote the interesting phaenomena brought to liffht in 
connexion with the diffusion of fluids, and it served, I tninlc, 
to determine something regarding the relative magnitude of 
liquid and gaseous particles. Though it did not lie in my 
power at the time to subject to trial more than one gaseous 
fluid, the experiment not only went to compare the size of its 

f)articles with liquid heterogeneous ones, but with such as are 
lomogeneous also. It appeared to establish in a manner suf- 
ficiently conclusive, a considerable difference between the 
magnitude of particles of the same body in its liquid and 
gaseous slate. 

Moreover, though limited to a few subjects, a wider object 



• Ck>minunicated by the Author. 
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WM BttMiwdf since it served to point to a method of entrjr 
upon a new and interesting field of inquiry. 

The phaenomctm of exosmose which science has of late 
years made known to us, especially thronrfh tlie valuable ex- 
periments of Professor Graham, diilei hoin that of liie expe- 
riment undei- consideration in beiiiL:; oi' an elective character; 
the transnu»>ii)n varyinsz; indeed with tlie density of gaseous 
fluid, but vet taking place spontaneously, of in a manner that 
scarcely admiu oi a mechanical explanation. \V iieieab in 
the ca^e under consideration the fluids were in a state of so 
ereat conipressioa within the ymmk, that thoie which psmd 
uiroogh ihoir ports were forced out cbtafly in a mechemcel 

6 material of the veesels was an alumiiKnii composition 
of considerable density made into bottles of a spheroidal shapes 
and into these the sahstanoes experimentea on were coa« 

densed. 

The means for the experiments ofiered themselves in a 
nianiilfictory of factitious mineral waters I was led to establish 
in the East IfKl5c<;, nt the suggestion of frienfls, by which a 
course of expcriinenlal pursuits, cotiinicnccd (roni ifie time of 
my entry into that country, were diverted from a pliilosophieal 
into a commercial channel. Works, however, ^\ el e tliereby 
estal)lished, as in the case of many of our inanulkcLures here, 
yielding apparatus which might be employed in scientific ex- 
periments, and which for the sake ui piuiosophj^ alone never 
would have i>een constructed. 

Earthy minerals may be compoonded in a great variety of 
nixtnrBBi both as to proportion and to mechanical divlsion» 
which upon being exposed to heat shall nndergo varioas kinds 
of hardeniiur and condensation; and there are many which 
pass into diMrsnt duress of vitrillcation» though lew csn be 
turned to an^ usefttl purpGe% for reasons cunoos in thwr 
kind, but which it would be ool of place to detail here. 

Of the few useliii Titrifiable earthy combinations, some in 
which silica predominates^ with a lime or gypenm flax, un- 
dergo little condensation up to a certain temperature, when 
a partial fusion suddenly takes place, and a vitrified and 
sometimes beautiful texture is obtained where the heai is 
nicely under command. Of such conifiounds I had several 
varieties, but they are not of a nature suited to the objecu of 
tlie experiment; and I refer to them only that in any repeti- 
tions of it compositions ot iliis nature might be avoided. 

Another class of viiriliablc niixturci may have a body 
chiefly aluminous, and one of these combined with a felspatic 
earth and a small proportion of iron oxide produced the ware 




I 
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wbieh yielded the experimeots. This ware underwetttf fnMn 

a dull red up to the time It wns at a full white heat, a regular 

pron^resslve contraction of its parts, by which time it hnn lo<:t 
one fourth or one fifth in leni^fth. Commencing with pores 
so open that they would transmit water or gas with little re- 
.^i^t:iuce, it became at tlie heat of fused cast iron as close and 
dense in texture as glass ; ami when cooled, was equally im- 
pernieable by lluid^ under any pic:»bure, exerted during any 
length of time. 

Such a snbetaneo in its pMiage Aroiu^ eveiy intemodiale 
degree of density, firom that at whicb aU flaldi were allowed 
to pass throngh % to that at whidi tbey were all con&iedt 
might be expected to arrive at some one, at which it woold 
detect any difierenoe in the mk of the molecules of two floids 
pressing against it for pawftge, faj deteioing the one hot 
traasniittinff the other. 

The results were curious. Vessels formed of this composi- 
tion thick enough to benr the p-essure within, were filled with 
water, contain inji; a small (juantily of mineral alkali, and into 
which was condensed about twelve times its hnik of carbonic 
acid gns uiuler a pressure of nearly eight atniosjiheres ; their 
niouilis being rnoctually secured so that no leakage wiiatever 
took plact: LhiQugh iheiii. The alkali varied from half a 
drachm to a drachui and a half of carbonate in twenty 
ounces. Snch yessels as were in their most porous state, 
havtiig been only hardened at a liiU red beat^ allowed both 
the water and the gas to be ^ected by the repnbife Ibroe 
through their Pores, tlie liquid being projected in eimy di- 
rection in the mrm of a fine rain or dond, until the pressure 
within was relieve. 

SiK^h vessels «gain as were in a properly effective condittoni 
having been exposed to their maturing heat, r^ained their 
contents without any apparent loss for a year; and when 
placed near a fire would burst witli a violent explosiODy witb> 
out allowing any exudation to take place. 

A third kjntl of the same composition, apparently interme- 
diate as to density between the two already noticed, allcAved 
the gas alone to inuJvu its escape through the pores, railier 
quickly at first, but a& the pressure lessened more gradually, 
vntil an eqailibrinm was nrarlpr establishedy the whde or 
nearly the whole of the liquid bemg retained. 

In a fourth kmd a density was attained much above die 
last, but short of that of the entire impermeability of the se* 
cond kind describedy and this. texture yielded results very 
mtriuus in themselves, and especially so when eontrasied with 
those last described. Hm instesd of the gae escspini^ and 
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the liquid being veUiQed, the mene took place. In pitKOM 
of time^ varying from two to four months^ every drop of the 
water was forced ootf so that when the vessel was opened it 
was as dry within as when it came out of the furnace ; yet the 
gas was retained highly eondeosed, and made its eseiqie with 
a loud report. 

On one occasion a violent explosion took place from a blow 
which I liad reason to suppose would i\oi have been sufficient 
to cause it, bad alkaline solution been present to restrain the 
elasticity of the gas. In one case the outer surlace of the 
ware was frosted over with the eiilurescent alkaline cai bunate, 
which had passed through it in a state ol soluiiuu : the water 
was all gone, the vessel being as before perfectly dry within, 
yet the gas apparently all present* 

The power that emcted the transmission of the water and 
alkali being the ehsttc Ibrce of the gas, I coald ooncdve it 
to act in no other way than mechanically^Mand to indicate 
therefore some diflference in the sise of the elastic and the 
liqnid molecnles ; the former being too large to find passage 
tiirongh the pores of this closer ware, while the laHer^ both 
aqueous and alkaline, all escaped. So far the gaseous were 
heterogeneous to the liquid particles; and the difference of 
size indicated might be supposed to depend upon a difference 
of their origiiinl magnitiufe, and not of magnitude arising 
from their liquid and t^aseous condition. But it will be ob- 
served that the alkahue cnrbnnatc travelled out with the water. 
Here therefore was rarl)onic ncid in a litjuid state, forced out 
through apertures winch refusetl exit to the same matter in 
the state of gas. liy tliis it would appear that the atoms of 
mnttei aie indeed invested, as iias been supposed, with an 
aethereal atmosphere elastic in itself, but forcibly drawn around 
the atom) so that it can find passage only where there is space 
Ibr Its ssther Co accompany it, and that this ssthereal invest* 
ment bdng mnch larger around flaseoos than aroaad liquid 
particles, apertures through which the latter may be forced 
may nevertheless be too small for the passMe of the former* 
It appears to me difficult otherwise to expuia the phseno- 
mena of this experiment. 

Again, in that case in which the reverse took place, namely^ 
an exit of thegos and a retention of the liqmdf and which was a 
result most persons would expect, inasmuch as it is commonly 
niore easy to make vessels water-tight than air-tight, a sufH- 
cieJit explanation may be given which shall not lie ineompa- 
tible witfi tlic case just recorded, and which may i Linove the 
apparent incongruity of the two experiments. In this case, 

though the jpores were &ee eaough to give passage both to 
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the water and to the gas, tlie densit}- was still stifficient to de- 
tain the water during the time the gas kept exuicaiing itself^ 
and constantly occupying the pores of the ware to the exchi- 
sion from them of tiie water. Though the chief force, the 
mechanical one, acted upon boih iluids, a little might turn 
the scale in favour of the relief taking place by a departure of 
the one and not of the other. Now quite enough to decide 
the point in favour of the exit of the gas might he found in 
the well-eBtablished diffuBive tendency of gases shown in the 
phienoniena of electric exosmose^ by which the gas on the 
one hand would seek a departure into the atmosphere through 
the ware, while on the other hand the cohesion of the liquid 
particles would favour their remaining tosether within it 
This process went on until the gas was nearl^' all discharti^ed, 
the small retTK^inii^g quantity being detained by the affinity 
of tlie alkaii and the water. 

In the instanciL of great porosity first noticed, the lesuits 
explain themselves at once. Here there w;is not closeness of 
texliu t: siillicitiiL lor even such a dcLenuoa ol the contents as 
would enable the gas and liquid to part^ and the process of 
exosmose to remove the former ; but both fluids were pro* 
pelled through the pores^ the water in fine rain which formed 
into a mist. 

Atmospheric air was not tried with water^ on account of 
the difficulty of retaining it condensed into water while the 
vessel is being secured ; though with apparatus devised for 
the purpose the experiment might easily be made, if ware 
of the peculiar closeness were procurable. The impregnation 
of water with hydro-sulphurous acid gas, which was hciiify con- 
ducted on a large scale at t!ie time, would have enabled me 
to try it, had the machinery constructed for that purpose 
been capable of exercising a pressure of more than two at* 
niospheres, which was not sufficient lur the efiect. 

Of the compositions of which the various kinds of stone- 
ware and china are manufactured in £n/^and« there are pro- 
bably some which b^- a certain heat would be brought to the 
points of density suited for the experiments. Specimens of 
Stafibrdshire earthen and China ware, however, (all of which 
are absorbent,) upon being treated with greater heat than those 
at which they had been manufactured, did not pass into any 
state of great density, but after a certain approximation of 
fheMT parts, a decomposition of them commenced, attended 
Willi a swelling or enlargement of the whole, and an increase 
oi porosity. I also doubt if the body used for the Derby 
porcelain would pass at any heat into the suitable texture; 
and from expenmenis made on oriental china Irom Cuntoni 
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I do not think it ccnild be conducted to the requisite pdnt of 
doseness without an opposite result taking place to the open- 
ing of the pores of Stanbrdshire ware by intense heat, namely^ 

a closing up of all pores by a vitrification of the body; the 
Chinese ware being evidently very siliceous, and corre* 
sponding in its transitions with mixtures 1 have already re- 
ferred to. 

There is a brown stoneware mnniifactured in a large pot- 
tery at Be! per in Derbysliire, which, from certain qualities, 
I should judi^e to be formed of a body likely to yielJ, at dif- 
ferent de^ree^ ot" heut, the several appi oxiniations of parts 
suited for tlieau cKjK i imunis, providt cl u were protected Irom 
a glazing of the sui face, which wouid cuu^e an imperfect re- 
sult, though no glazing is impermeable by fluids under press- 
ure* And it is proper to remark* that although I have de- 
scribed only four degrees of density* they were selected out 
of several yielding intermediate results; which would be re- 
quisite before the heat for the experimenEs were obtained* 
These remarks may not appear irrelevant* since they may 
serve as some guide to a person desirous of repeating or ex- 
tending the experiments. 

The familiar fact thnt water may be retained in a porous 
earthen pitcher for a lengtli ol time without any escaping ex- 
cepting by evaporation, although the lower part is under the 
pressure of a foot or more of the fluid, while such a prcsssure 
would suffice to force air quickly through the pores, would 
conmionlv be explained by supposing a greater niiniitcuess of 
parts in the case of air than of water; but the above experi- 
ments would prove the ccmtrary. 

The right explanation is to be found in the case of the li- 
quid* in the conesive attraction between the particles which 
indispose the liquid to that breaking up into minute portions 
requisite before it can enter the pores, and where it has en- 
tered the pores in the capillary adhesion to the substance 
of the ware by which the liquitl refuses to leave its outer 
surface and run down ; while in the case of the gaseous fluid 
a mutual repulsion favours tlie separation of its particles, and 
there is no considerable attraction between them and tlx earthy 
surfaces to resist their passage out; the greater suluilty of 
tlic air over the water beintr due to liiesc cau>cs and iioL to its 
being cumpoacd of minuter pui ticks. Jii »ouic measure re- 
lated to this subject I had to notice some intetcstin^ facts 
connected with the transmission of saline liquids through 
woody fibre* but the space of this paper does not admit of their 
being detailed here. 

Juuvft Jeffreys. 
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III. On Photometry in connexion with Physical Optics, 
By R. Potter, JEsq.^ B,A.^ F.aPJS.9 Medical FeUaa of 
^teef^i College^ Cambridge^, 

TIT AT Photometry should have exciieJ some attention 
amongst scientific men, could scnrcciv fail oi proving a 
cause of satisfaction to the writer oi tlie present paper, who 
had jieverul years ago urged its great importance in laying an 
experimental found moii in Physical Optics. If the subject 
had been approached in a philosophical spirit, with a real de- 
sire to find out the truth according to the principles laid down 
by Lord Baooii» that satisfaction miiBt have been the wrher'i 
privilege. Very difierent however has been the notice it has 
called forth. 

The dazzling fruits of Fresnel's genius had io blinded the 
sctentific world, that it has been held to be presumption to 
examine minutely the accuracy of his results, although his 
constitution of mind must have* indicated the need of thisy to 

the most cursory reader of his various papers. We there see 
the 7cn! of the advocate to carry his point, overruling his 
judiiriiRfU, and leudnig iiini to make objections against the 
theory he ojjposed, which were frequently either incorrect in 
their foundation, or were of trivial iuiportance. 

It matters little to say such and such things are in them- 
selves improbable or unintelligible; loi if the theory give re- 
sults in accordance with natural phssnomena, we are bound to 
receive it» although many of its consequences should seem 
strange and even inadmissible at the first view : thtt8» I con- 
ceivcy no one would be justified in rejecting the nndulatoiy 
theory of lights or any other, if its results were in accordance 
with experiments. 

The lashion of pinning their faith on Fresnel's sleeve having 
become general amongst the influential in learned societies, 
and amongst the most eminent in mathematical attainments, 
it was natural that minds of smaller calibre, or reputations of 
smaller weight, should feel it a readier and surer way to ho- 
nours and distinction to lulluw in the title, without VLiiiuring 
t< ' tli-fiute the '|U(lii;cuient of their superior?, or to question ihcir 
in (allibihty. I udcr such circumstanceb the mere analyst Il)u^t 
iiiid himself iloating in the tide with those who claimed a more 
profound knowledge of experimental philosophy, and who 
were sure to applaud the aid he renaered to the common 
cause in nrmbols and formulse, of which they were firequently 
as little able as willing to Investigate the accural^. 

• Ccmnaunifstsd iqr th« Aathor. 
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It is thus thai almost any analysis, which professed to sup- 
port the undulatory theory of Hglit, has beeti h?ilet! ns a mng- 
nificent achievement without its minute heatings being ever 
looked into, provided the general case showed a prima facie 
accordance with some known facts. In no place has this been 
more prominent than in the Cambridge Philosophical Society. 

He is a yuaiig man and iuexpeiienced who has so little 
knowledge of human nature as to suppose that in this state of 
matters any scientific trath, of however Inportaiil e bearing, 
which did not &U in with the popular and mbionable prepos- 
sessions, must be decried, and its discorerer would naturally 
be held out as a factious and refractory pretender in the re> 
public of science. 

The scientific public must sooner or later awaken and per-* 
ceive the liberty which has been taken with its confidence, 
and there must sooner or later arise a time of return to sound 
philosophiziiip^ fn physical optica, when the n^^jxiras of JLord 
Bacon will be acknowledged as the only sure guide. 

My objeciiorH to Fresnel's formuhr for the intensity of light 
reflected and transmitted by transparent bodies, although 
louiidetl on laborious and careful experimental researclies, 
have been treated as though other men's guesses were more 
worth than my experiments. I shall, however, before I dose 
this paper, bring corroboratiye evidence of the accuracy of 
my results which fortunately exists in print amongst the la- 
bours of Bougner and of Sir William Herschel. Dr. Faraday 
also has given some photometric measures in his Bakerian lec- 
ture on tne manufacture of glass for optical purposes. If the 
refractive indices of the heavy optical glass had been given, we 
should have had a good test of Fresnel's formulfc from the 
experiments with those n^1n«5ses. The an<Tle of incidence which 
Dr. Faraday employed does DOtfurnish ao experimenium cruets 
for common glass. 

The subject of photometry has been discussed by Professor 
Lloyd in his report on Physical Optics, read betore the 
* liritish As.sociiitioa tor the Advancement of Science;' by 
Professor Powell, in a paper read before the Newcastle meet- 
ing of the Associatiop, and lately, by Professor Forbes, in a 
paper read before the Royal Society of Edmburch, of which 
an abstract has been printed under the title Memorandum 
on the Intensity of reflected Light and Heat. By Professor 
Forbes. (From the Proceedings of the Royal Society of 
Edinburgh, March 18, 18S9)."* 

As Professors Lloyd and Powell did not think it necessary 
to make themselves acquainted with the subject they under- 
[• Inserted in L. and E. Phil. iMag. for December 1839, vol. xv. p. 479.} 

PfUL Mug. a 3. Vol. 16. No. 100. Jan^ 18iO. C 
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took to discuss, their observations do not call for any further 
notice in this place. With Professor Forbes^ however, I 
have a much graver controversy. 

In regard to Professor Forbes's * Memorandum/ we must 
strive to find his meaning in some curious passages. In 
speaking of Fresiici's formulae for the intensity of reflected 
h'ght, he snys "scarcely any attempt ijas been made tuwurds 
its veiilicaiiou by diieet experiment." Beiure we assent or 
dissent from the Professor's assertion, we should know what 
he means by an atUnmi at verification. Attempts, and suc- 
cessful ones too, have been made to find the quantity of light 
reflected at various incidences by transparent bodies^ by the 
celebrated Bouguer*^ a century ago, and by myself latterly t» 
in a series of experiments whicn occupied me several months. 

As Fresnel's formula will not give either Bouguer's quan- 
tities or miuet our labours must be very unsatisfactory, 
having done nothing towards that desirable verification. 
Professor Forbes*s paper will probably supply tliis desidera- 
tum. A little further (m lie snys, "It occurred to me, about 
the end of 18S7, that the anomalies of photometrical observa- 
tions being nearly as unsatisfactory as ever, some light might 
be thrown upon this important subject by ascertainini? the law 
in the case of heat, the mtensity of which we have no diiiiculty 
in measuring." 

With respect to his actual experiments he says, I have 
this winter resumed the subject I have had an apparatus 
constructed for securiD(| sufficient accuracy in determining the 
angle of incidence, and 1 have used reflecting surfaces, both 
transparent and melalUc ; the former are wedges of plate- glassy 
by means of which reflection from the first surface only may 
be observed, and the latter are plane specula of steel and silver. 
The prosecution, however, of these apparently simple experi- 
ments, has been attended with unforeseen difficulties; and al- 
though the relative proportions of heat at different angles of 
incidence are now pretty well determined for glass in several 
cases, 1 am not prepaied to say wliether tlie absolute aiiiount 
is exactly the same as Fresnel's formuhi wouJd give, assigning 
to iieat its })roper rctV;;rtive index. It. is satisfaciiwy, how- 
ever, to know, iliaL ilie appioxmuuion to it is iiiueii giealer 
than direct photometrical measures have yet given, with the 
single exception of two experiments of M. Arago already re» 
lerred to; and that I have reason to believe that the expert* 
mental law which Mr. Potter has given from direct observa- 
tion in the case of light, represents my results much less ac- 
curately than the theory of Fresnel.'' This undulatoiy piifr* 

• 'See Boaguer^f TVah^ d*Optiaue or PHettlev's Htitofy of Viikm. 
t See Bdinbofgli Jeuns) of Sdeace Ibr 18SA. 
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sage, with its ambiguous sign prefixed in the unforeseen 
difBcultieS}" shows that the methods are not likely to furnish 
results accurate enough for testing important laws of nature. 
It is not IQ be wondered at that the Professor, in much varia- 
tion of results, should find some wliich were * sails facforij* 
As a practical answer I here give some comparisons between 
my own results and those of others. The most striking and 
most essential difference between FresnePs theoretical formula 
and my experimental one is, that according to the former the 
whole incident light should be reflected at 90^ incidence, or 
rather, that this is the limit to which the intensity of reflection 
tends at very high incidences; my formula gives only a quan- 
tity varying from about 72 to 76 rays reflected oat of every 
100, as' this limit for the ordinary kinds of crown plate and 
flint glass. Hence we have a difference which cannot be 
hidden in errors of experiment. This was one of Bouguer's 
particular points. In speaking of the light reflected by water, 
fie says (p. 135), "dans I'incidence pour ainsi dire innniment 
petite la Inniidre reflechie est Ics trois quarts de I'incidenle ou 
de la directe." We must note here that he measured his 
anf^le of incidence from the surface and not from tiie normal, 
and tliat a part only, instead of the whole, was reflected at the 
highest possible incidences. Below 1 give Dr. Faraday's re- 
sults with crown, plate, and flint glass, at 45^ incidence (the 
only angle he used) witli my own at 40*^ and 50% from the 
before^named papers, as well as some calculated results. 

From Dr, Faradai/s reudU. 
Crown glais, No. 9, reflected ^ 4*13 of every 100 rays. 
»f 7f n ^ ~ 4*29 19 

Plate gU»8, No. 2» » a » 3*85 ^ 

Flint glass, No. 9, „ = 5-13 „ 

From nnf cfwn results, 

40» . . . 4« . . . 4«78 . . . 5-29 
50» . . . 5*68 . . . 5*92 • • . 6*73 

CalculaLiunb by my own ioriimla; 
Incidence. Crown, Plate. Flint 

40» . . . 4-767 . . . 4-778 . . . 5-820 

45» . . . .'^•205 . . . 5-213 . . . .^-SSI- 

50* . • . 5-810 . . . 5*882 . . • 6*656 

C2 
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Calculations from Fresners formula from Sir David Brew- 
ster's paper, Phil. Trans. 18S0: 

locitlenct* Crown glass, rvflecu. of every 100 rayi* 
40« 4-910 

45" 5*366 

50<» 6*186 

It appears from the above that Dr. Faraday's experiments, 
making every allowance lor clitll reuL kinds dfglass being used 
in the different experiments, do not yield that desirable veri- 
fication which Professor Forbes found amongst his results. 
However it will be seen that we are not to seek for expert" 
menta cruets at the above angles of inddence» or al any rate, 
with such low refracting substances. Dr. Faraday's exfwU 
ments with the heavy optical glioses would have {umished 
Uiem if we had had the refractive indices of those glasses ; for 
in high refracting bodies the discordance of Fresnel's formula 
with experiments is palpable^ for it gives results frequently 
one-half more, to twice as much as experiment. 

In the Professor's next sentence I have to complain of a 
want of candour. My first introduction to physical optics 
was the discovcrv by pxprrimenls, of the law of refieclion by 
metals, of a nature (juite different from the suppositions of the 
scientific world, as well as of myself prtvioiisly. Sir Isaac 
Newton had stated his opinion, such as had been received 
ever since; Bouguer most likely had it* }>! csented to him in 
his experiments with iiitiicury, but blintled by the conmioiily 
received theory, could not see it : for he complains, that after 
all bis precautions the fine dust fell so quickly on his mercory 
as to hinder the reflection at the higher meidences. Sir 
William Herschel had examined his splendid specula by 
photometry without falling upon it Is it to be wondered at» 
that I should feel greatly proud of this disooveryi my first 
effort in physical optics? 

Professor Forbes 8ays» With respect to reflection at the 
metals, I believe I may assert that I have verified the remark 
of Mr. Potter, that metallic reflection is less intense at the 
higher angles of incidence. T li ne attempted to ascertain 
whether it reaches a minimum, mid ilien increases up to 90** 
of incidence, as Mr. Maccullagh su|)poses; but I have not 
obtained decisive results. The cjuantity of heat reflected by 
the metals is so much greater than Mr. Potter's estimate for 
light, as to lead me to suspect that his phuLometric ratios are 
all too small, which would nearly account for their deviation 
from FresneKs law." 

Here my discovery comes to be merely a remark.'' I 
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think it should pass for a discovery amoiigst Professor Forbes's 

remarks. 

The comparison of tlie lormer and the latter part of this 
sentence is a curiosity. In the first part he consitlers that he 
has experimeiUally verified my law, that metals reflect less 
light at higher incidences, and in ilie second he fincU reason 
to suspect thai luy ' j aUos' are all too small, which would 
nearly account for their deviation from Fresnel's law. Now^ 
by Fresnel's formula more light would be reflected at higher 
IncideiioeB* How are we to understand the PrdSpssor's mean^ 
ing of the word verf/kaiion? 

1 eoDsider Bougue/a observation diat he Ibund the dust 
fall so ftat on his meicuiy as to hinder the reflexion at higher 
incidences, to be more proof of the correctness of my law, tnan 
Professor Forbes's exp^iments witli steel and silver mirrors. 
It is well known that silver will not polish so as to make tele- 
scopic mirrors, and steel is very difficult to polish for that 
purpose. If tlie Professor's mirrors are the labours of the 
cutler and silversmith, 1 woiilci not value the results they give 
at a straw, however skilfully and carefully made. With opti- 
cians, the most difficult thing they attempt, is to obtain a per- 
fectly flat surface, and so essential in my exj)eriments did I 
esteem it, that 1 used my mirrors as the oval mirror in a 
Newtonian telescof>e, and proved their accuracy by the di- 
btiiictness with which double stars were exhibited in it. I 
stated with respect to the steel mirror, of the figure of wiiicli 
I was less certain than of the others, as follows : As I had 
only ground and polished it in the common way for flat sur- 
hda, I was not certain that it might be truly plane, and 
thought necessary to prove it on some astronomical objects; 
Accordingly, oo the 19di February, with it and a 5^^ inch 
^leculum of my own workmanship^ <if about 50 inches food 
leofftht and with a power of 100, I saw a gemintHrum bean* 
tifoily and distinctly defined ; and with a power of 150 saw y 
leonia to be double at the first view, which I think will be 
allowed to be a sufficient test of its surface being nearly plane." 

I'rofessor Forbes will perceive that my conception of the 
mode to be pursued in order to discover iaws of nature was 
a good deal diffiercnt f rom his own. 

\Vith respect lo ilii- (juantity of light refkctcd by metals 
being greater tiian I had found it, I have need cnlv to give 
Bouguer's results, and that of Sir William ilerschei, side by 
side with my own, and then to leave the scientific world to 
judge of the weiffhi to be allowed to tin; l^ ofessor's experi- 
ments. Bouguer, 111 a preliminary discubaion, says he found 
75i xays to be reflected by mercury of every 1000 at 11^^ in- 
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clination to tlie surface, and in another exptriiiMBt h% fimnd 

703 reflected. When afterwards he is speaking more parti- 
cularly on the subject, he says he found at 21^ de<Trces inclina- 
tion in two experiments GUI and 666 reflected of every 1000. 
Sir W. Herschel (Phil. Trans, for 1800.) found that his 
specula reflected 61262 of every 100 thousand rays at an in- 
cidence nearly perpendicular. 

In my pa})cr on the reflective powers of metals, published 
in the Edinburgh Journal of Science for 1830, one speculum 
gave 69 i5 rays reflected of every 100 incident at 20° in- 
cidence; another sel of experiments gave 68*G1 at 10° in- 
otdtnoe^ and another 66*48 at the same inddenoe ; Uie de- 
terioration in the snocetalTe sets being attributed cfaie6y to 
my robbing the speonlnm too 8eyereiy» with the intent to pve- 
Tent being deceived at the higher incidences by any film re» 
maining on the surface. 

In the beginning of his memorandum he refers to a paper 
t^Mr. Green) B.A., Fellow of Caius College^ in thisUniver- 
sity* which appears in the forthcoming volume of the Camb. 
Phil. Trans, which he says accords with Fresnei's formula. 
This is an example of my statement that any prmd facie case 
is sufficient witli the advocates of the undulatory theory. Mr. 
Green finds that the intensity of the light reflected at the po- 
larizing angle of a transparent substance, when the incident 
light is ))olarized in a plane perpendicular to the plane of in- 
cideuce is repreiiented by the formula 

4 -hi)* + 

for glass and jtt = 5*1 this becomes -^-^ very nearly, which is 
more than one-half the light reflected at the perpendicular in- 
cidence even taking the undulatory formula?, which give 
and if such a proportion still existed no one would say tuait 
lijB^ht polarised in the plane perpendicular to the plane of in- 
cidence vanishes at thejpolarizing angle. 

To test thb fiirther I will use an experiment brought for- 
ward by Mr. Airy, in the fourth tolume of the CamoL Phil. 
Trans, in a paper to which Mr. Green refers. It is there 
stated, and easily verified, that when Newton's rings are 
formed by placing a piece of glass on diamond, the rings dis- 
appear at the polarising angle for the glass when examined by 
liffht polarized perpendicularly to the plane of incidence. 
Hence there is not light reflected from the glass surface of the 
thin plate of air, which could interfere with the light from the 
diamond surface. 

Now in Newton's rings, formed between two glasses and 
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teen by tnuMBiission, the light twiot nfleoted causes ringp 
which are easily visible, although one portion of the mVest- 
fiHTtng ligitt is kilt than ^^^th part of the other the uadn* 
latory (bmole^ and about by my experiments; also, in 
the former experiment, the polarizing angle for class (56^*^ 
nearly) is approaching towards the polarizing an^He for dia- 
mond (about 68'), therefore, the\vhoIeliid)t reflected by ilie dia- 
mond would be only a siiiail Jmctlou ihc incitU in lii;iit, and 
that by the glass, according to Mr. Green s, loniiuia, would bear 
a considerable ratio to it, and ilierefore tlienngs shouid be very 
distinct, in place oi w liich none are to be seen at all ; so iliat 
Mr. Green's iDrmuia neitlitir represents the facts nor agrees 
with Fresnel's. 

Professor Forbes also says, in the sooond senteooe of his 
mnnonuiduniy but the ehief evidenee for the truth of this 
remarkable law rests on the uidupeet observatton of the cbaoge 
of the plane of polarisatioii of an incideDt ray.^ftsr vefiexion*** 
lie here aUodes to a series of Talnable experiments made by 
Sir Dand Brewster, and published in the Phil. Trans, for 
1880. If ve look ofer Sir David's table at paoe 75» we see 
the results of the experiments on the change of the fdane of 
polaiizatioo after reflexion by diamood» afibrding errors of 
observation, although^ from the nature of the experiment ne- 
cessarily large, (averaging 46 JO yet all lying on one side of 
the calculated results. When the theory is true we naturally 
expect the errors of observation to ihll sometimes ofi one side 
and sometimes on the other side ol the calcuiaieil place, 
iience, it is clear, that the undulaLory theory, even iu this 
vaunted case, does not give the accurate resuiu. 
Qtiecn's College. 

IV. ObseroaHim on tl^ Blood CdrpmOti cr Med Disis (f the 
Mammiferont Ammak^ Gkokgb Guwvsb» F,BS^ 
Jmtiani-Surgeom to ike Regiment of Horn Guardt^. 

A COMPLETE history of the blood corpuscles of the 
mammalia would be a very acceptable addition to ana^ 
tomical science, and probably no less advantageous to zoo- 
log}'. To accoiiiplibh this work, however, the co-uperation of 
so many circunibtanccs is nccessarV) that the contributions of 
diflTereiit observers are especially desirable. I have long been 
engaged in the incjuiry; anil, as 1 have l)een I'avoured with 
the liberal perllli>^ion of the Council of the Zoological So- 
ciety f to avail iiivi,clf of the advantages of their cuileclion, I 

• CommtinicatcJ by the Author, Nov. i^3, 1830. 

t la returiiiDj; my best thanks on this occasion to the Council, I cannot 
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propose to give an account of the blood corpuscles of such 
animals as I have had an opportunity of examining. Of many 
of these particles I believe no description has hitlierto been 
pubhshed ; and some others which have been |)i evit)uslv de- 
scribed I have examined anew with a view to jnoic accurate 
coiDparisons. I am not aware that the peculiar ioiin ui the 
corpuscles in certain species of the genus Cetvus hus been 
hitherto observed in any cla^s of animals. 

The genml rasnlts appear iDteMtiog to me in many points 
of view, parttcalarly in respect to oertain di&renoes in the 
size of the corpuscles in the same individual at dtllerent pe- 
riods of existence^ as well as in nearly allied species of tlie 
same genus ; and the resemblance, on the other hand, of the 
blood disks in some groups of the animal kingdom. The 
connexion, too, between the size and form of the blood par- 
ticles and the respiratoryorgansilhave found to be remarkable. 
But before enteung into condanoosit will be necessary to give 
the observations in detail, reserving a summary arrangement 
of them, and the deductions which they appe:ir to wan nnt, for 
a future section of this memoir, when an opportunity will be 
afforded of reference to the labours of others in tliis field. 

The iiibti uuient made use of in these observations is a com- 
pound microscope, with an achromatic object-glass oi' oiiu- 
eighth of an inch focal length, made by Ross, and furnished 
by him with a micrometer eye-piece divided into spaces cor- 
responding to 1- iOOOth of an inch. The magnifying power 
afforded is exactly 800 diameters with a clear defiiiition. 

If one space and a qinarter of this nucrometer were occu- 
pied by a single globule this would of course measure l-8800tk 
of an inch ; if three equally-sized particles lying in a line^ 
and touching at their edges, covered tnree spaces and a half, the 
diameter of each of these would be l-3429tbt-— if four spaces^ 
l»3000th of an inch* Now these measurements are mentioned 
because they are vety frequently obtained from the average* 
sized human blood disks^ which are to be distinguished from 
the remarkable varieties which Mr. Bowerbank has observed 
among them, and which I have also witnessed, though I think 
in a less degree than he mentions, in man and various ani- 
mals. In the human blood corpuscle, the diameter last 
mentioned is not so common as tlie two former. In tlie ab- 
sohite accuracy of any micrometer applied to objetis so ex- 
tremely minute, it is difficult to place implicit reliance ; but 

avoid acknowledging the kindness and urbanity of Mr. QgUby, who enter- 
tained my opptication with his usual zeal in the promotion of zoological 
inquirio<^. 1 have also repeatedly been indebted to the kin(! a'^'^istance 
of Ml. Vouatt, the excelteat medicai tuperinlendeDtof the Gardeng. 
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in the relative exactness of the iDslrument I am disposed from 
long experience to put much confidence, which is of the 
greatest importnfice where the results are to be obtained 
chiefly by comparisons. 

The corpuscles were examined lliiniy sj read on glass and 
quickly dried, also floating in their own serum, ami diluted 
when necessary with weak saline solutions, or su<^ar and water, 
or witii ui uic. Tile objection to these substances is, that they 
all more or less alter tlie figure of the globules, generallpr ren- 
dering many of them cup-shaped and diroinishing their sixe 
slightly. Indeed) the disks kept in their own serum often ap> 
pear a little smaller to a very short time after they have been 
removed from the vessels, as if they possessed some degree of 
contractility. It might be supposed that the particles rapidly 
dried on glass would shrink a little; but this is not the case^ 
for they retain a remarkably clear and regular outline, and 
nr'c cominonl}'', to n small exfent, lari^i'er than those of the same 
biood ex])nsed to tiie air in their own fluid. 

In some instances there was certainly a sHc^ht enlargement 
in the dried corpuscles, as compared with thuse seen in their 
own serum innnediatclv after they were taken from the ani- 
mal, in ilio greater number ut trials, however, tlie sizes of 
the wet and dry disks corresponded accurately. In most cases 
the measurements were repeated by Mr. Siddall, an experi- 
enced micvographer, with another instrument by Ross, so as to 
avoid as much as possible accidental inaccuracies. The mea^ 
surements are always expressed in fractions of an English inch* 
As the corpuscles are very liable to change in size and form 
from very trivial causes^ the extreme measurements in no case 
include those large or small particles which occur but spa- 
ringly, and which, perhaps, are not identical with the common 
reel disks. Neither the large white globules nor the granu- 
lated particles are estiiuaii d, because, independently of their 
spherical shape, the lormer nrv ahnost uniformly larger and 
the latter smaller than the blood tiisks. As noticed by Hew- 
son, the common corpuscles become mulberry-shaped when, 
from incipient putreiuclion, their colouring matter begins to 
dissolve in the serum. But I have observed the granulated 
particles in great numbers, both in their serum and in the 
di^ state*, in blood examined immediately after it was ob- 
tained from the veins of various animals, particularly young 
kittens. The nature of these particles is worthy of further 
and special inquiry. They are to be found plentifully during 

• I gave Mr. Owen specimens of these granules in September last, men- 
tioninuc tl^ ftct to bin, as he cooiidered the granulated appeanaee to be 
the met nsrely of diyuig. 
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d^gMtiiin ; but, in their deep-red colour and chemical pro- 
perties, they differ remarkably from the granules obaerved in 

the chyle. 

1. Dog-faced Habov)!!, hartlly half-o;rown, [Simia Cynoce^ 
phaliis). Blood from the right veiiti icle of t!ie heart. Cor- 
puscles generally l-3192iul ol" an inch in (Immcfer: extreme 
sizes 1-lOOOtli and l-2666th oi'an iiH^b, the lai'ge^t more fre- 
quent than the smallest. 

2. Green Monkey, ad all, {Cereopil hecus SabiCus) . Average- 
sized corpuscles l-.'i'JOOth to l-3000th of an inch in the dry 
state, 1 -3600th in their own serum. Extreme sizes] -400011) and 
l«866dth. ThidcneMof the corpotdee aiiaen on their edges 
l-lSyOOOth to l-»10»000th of an inch, L e« a rouleau of fife or 
BUL filled two of the micrometer spaoet. The blood examined 
mut obtained from both ventricles of the heart, fix>m the vena 
cava, and vena portm^ no appreciable diflbrenoe appearing in 
the corputclet. * 

3. White Monkey, adult, {Maciacm radiatus, albino var.). 
Corpuscles from the right ventricle generally l-3200thofan 
inch in diameter. 

4. Rhesus Monkey, old male, {Macactis R/icsus). Size of 
disks very variable from l-4')7^n{l to l-266(ith of an inch; most 
comniuu diameter l*3200lh. iilood ot botii veotricies exa- 
mined. 

a. In a young male tiie same measurenients were obtained. 

5. Capuchin Monkey, adult, {Ccbus Capiictnus). Most 
common diameter of corpuscles 1 -3428th and l-^200th of an 
inch dried; in thdr aerum, expoaed to the ahr some hours, 
l-4000th was a more frequent diameter. Extreme diameien 
l-«57Snd and 1-^lOth oTan mch. Blood from both ventricles 
of the heart examined. 

6. Mangabey Monkey, adult male^ {Cereoc^ut JBAiopt). 
Common sizes l-3200th and ] -3000th. Extreme sizes, also 
common, l-4000th and ]-2666tb. Blood examined from both 
ventricles of the heart, from the poital and renal veins. 

7. Grivet Monkey y {Cercoccbus (rn'sro-viridis). Most fre- 
quent s'/es l-3*200th and l-.'JOOOdi. Extreme diameters 
1-400 ill an 1 l>266(>lh ot an inch. Blood from both ven- 
tricles ui the heart. 

8. Slow Lemur, fuli-gru»ui, ^Ja/h's ta> df'gradus). Most 
common size l-3552nd. Extreme tliauiciers l-4000th and 
l-3000lh. Blood iVou) a prick of the lore-hand. 

9. Common Bat, {Vesper tilio murinus). Blood from right 
ventricle, Common diameter of corpuscles l'4865tb to 
l*4000th of an inch. 

10. Common Squirrel, adult male, {Sciuna wtgaris). Coiv 
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puscles from the right ventricle^ dried, all about l-40(K^th 
of an inch in diameter. 

11. Water Hat, adult, {Mus amphibim). Biood from both 
ventricles, exanuiied dry; avcra^c-sized corpuscles 1-lUOOth 
and 1 -3600th of an inch diameter. 

12. Coiiinion brown House Kai, a maicj tu nrly foll-prrown, 
(Mus dccumunus). Common size of corpuscles irom rigiii ven- 
tricle 1 -4000th to 1-S554th of an inch, 

IS. Common Mouse, (Mus nuiseulus), l*4000Ui and 
l»d600th common sizes. Extreme diameters l*5SS8rd and 
l-aoOOth. Blood from heart and vena cava. 

a, Fcetnsy about half an inch long, from the uterus of the 
above mouie. 1 •2666th the most frequent size, and many 
smaller corpuscles from l-5S3Srd to l-4000th, the latter being 
numerous. Many of the corpuscles more globular than usual, 
that is, more like spheres than disks, — a common appearance 
in the fa^tal blood of mammals at an early period, 

PVom this and sevei'al other observations, the comparatively 
large size of the blood corpuscles in the toetus becomes mani- 
fest. The fact is important, because it is connected with the 
comparative condition ot the lespiiatory organs, and, more- 
over, illustrates the difference between the blood of the parent 
animal and that of the fbstos; so that if there be any commn- 
nication between the vessels of the placenta and utern8» the 
blood of the mother and foetus Is at all events different. I have 
examined the fcetal blood of the human subject^ obtained from 
the hearty placenta* and umbilical vessels, with the same result 
as above; and it appears to me to be of considernbte interest*. 

14* Common Guinea Pig* adult male^ {Cavia Cotojfa), 
Corpuscles from the right ventricle, generally measuring 
from l-4000th to l-3200th of an inch. 

15. Domestic liahhit, adult female, (Lepus cunt cuius). 
Most conmicMi (liaiTicur i-4000tb; extreme sizes l-5000th 
and l-32u0(li o\ an iiirli. 

16. Gt kkii Ai^oiiii, aduit male, [Dcisifprocla anrata). 
l-3600th the most common diameter. Exti enie sizes l-5333rd 
and 1 -3200th. Blood from a vein of the ear. 

17« Acouchiy full-grown, (Dast/proeta aeoucki)* 1-S600th 
a common diameter* as was also l-4000th. ^bctreme sizes 
l-4572nd and l*8S00th. 

18. Whit^whiskered Paradoxure* adult, (P. Leucomystax), 
Size of corpuscles very variable; most commonly l-4365th 
and l-4000th. Extreme diameters l-6000th to 1-S200th. 
Blood from a prick of the taiL 

* The ftccorate Hewion* obrarred the iame ftct in a fowl and in a 
viper. (Bxp. loqatriet, part iil. p. 39.) 
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19. Parndoxiirc Gennet, adult, (Payadoxurus ij/ptis). Most 
frequent size 1-53^1. St. Extreme diameters 1-G6'00th and 
l-4572nd. Size of corpuscles more regular than iu the pre- 
ceding. Biood iroin a prick of the tail. 

20. Gray Ichneumon {Hcrpestes grtsrrfs), adult male. Most 
frequent diameter l-4572n(i oi an inch. Extreiue sizes I -O'OOOth 
and l-J5JUli. The dried disks had more distinct ciiuiial 
marks, or appearance of nuclei, than usual. Biood from a 
prkk of the tail. 

21. Domestic Dog, old mongrel, {Canis familiarii). Com- 
mon diameter of corpuscles l-4000ib to l-8200th of an inch. 

tu Fox-hound Puppy» one day old, a bitch. 1 •3000th and 
1 -2666th the roost common diameters of the corpuscles. In the 
blood of the vena portse they were generally of the latter size. 

b* Fox-hound Puppy, twelve days old, a bitch. Most 
common diameter of the corpuscles 1 -3000th and l«2885tii 
of an inch. Extreme sizes 1- t 000th and 1 -2666th. 

c. Mongrel Pu[)py, four months old, a bitcli. All the fol- 
lowing diameters common, viz. l-:i693rd, l-3554th, i-3429lh 
and l-3200lh. 

22. Australasian Dog, aged four or five years (Canis Au* 
straliensis). Most common size of corpuscles 1 -3200th and 
1-SOOOth; l-4000th and l-2666th were seen, but rarely. 

28. Fox, old bitch, (Canis Vulpes), The following sized 
corpuscles were frequent, viz. I-4572nd, l-4865th, 1 -4000th, 
and]-865Srd; the third diameter (l-4000th) was the roost 
common. Bendes blood from the heart, corpuscles were ex- 
amined from the cava and splenic veins. 

24. Red American Fox, half-grown dog, [Canis Vulpes^ 
var. Amcricanus). Common-sized corpuscles l-i-OOOth and 
1 -3693rd of an inch in diameter. A few were observed of 
l-5333rd; and l-3200th was rather a frequent diameter. 

25. Black American Fox, a dog, about two-thirds grown, 
(Canis argnitafus), l-4000th of an inch most conmion dia- 
meter of cor[)ii cles: extreme sizes l-5333rd to l-2666th. 
('riiis amnial and the succeeding one came to England together 
irom Hudson's Bay.) 

26. White Arctic Fox, about two-thirds grown, (Canis 
lagppus). Same sizes as in the preceding. 

The measurements in the senus Canis were all made from 
dried corpuscles obtained from the right ventride of the 
heart 

27. Domestic Cat, adult female, {Fdis Calus). Blood from 
right ventricle. Most common diameter of disks l-4000th of 
an inch ; a few were l-4'572nd. 

a. A Kitten one day old, female. The common i»ize of 
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disks was from l-40aoth to J -d564tb, and l-9000th to l-2666th 
were frequent sizes. Corpuscles in the blood of vena porte 
and right ventricle of the heart apparently identicaL 

b* A Kitten sixteen days old. The most frequent size of 
corpuscles l-4000lh. From Mr. SiddalTs observation. 

28. Serval, adult female, {Felt's Sei-val). 1 -4000th of an 
inch the most common diameter of the corpuscles. 'J'hey 
were very irregular in diameter, l-5000th and I -3000th being 
frequent sizes. Blood from all the chambers of the heart 
examined, as well as from the renal vein. 

29. Asiatic Leopard, adult male, (Z^<:/isi>op^/rr/«s). Disks 
very variable in size; l-4800th the common diameter, many 
varying from l-5SSSrd to l«S800th. The blood wa8 obtained 
from the ventricles of the hearty from the reoal vein and unevj^ 
and from the splenic vein, no difference heing apparent m 
the corpnscles. 

SO. Lynx» nearly fttil-grown^ mal^ (Felts Onracal), Most 
common diameter of corpuscles l-4800th to l-4365lh of an 
inch. Very variable in size, extending from l»6000th to 
l-4000Lh. Blood from both ventricles examined. 

3 1 . Norway Lynx, about two years old, ( Felis Li/nx), Most 
common sizes l-4S65th to 1- 1000th. Extreme diameters 
l-533Srd to l-3554t!i. Blood trom both ventricles. 

32. Coati Mond), old male, (Nasua fusca). l-3200tli the 
most frequent diameter. Extreme sizes l-4372nd and i-iib66th: 
the former extreme most common. 

S3, lied Coati Mondi, adult female, (Nastui rufa). l-4000lh 
and 1-S554th the most common diameters of the corpuscles* 
Extreme sizes l*5883rdand l-dSOOth of an inch. Blood from 
both ventricles and from the abdominal aort% in this and the 
preceding species. 

34. I^rse, gelding, aged three years, and another aged 
fise {EqmuCaballus), Blood from jugular vein. The average* 
sized corpuscles in both l*4800th and l-4572nd of an inch. 

a. Gelding, twenty-six years old. Same size generally, 
but more irt ecrnlar, many being seen as large as l-4000th of 
an inch. In tliis and the preceding, when collected into 
rouleaux, the edges of the corpuscles were from l-l*2,000th 
to l-l 4,000th of an inch, that is, a rouleau of six or seven 
disks occupied two spaces of the micrometer. 

35. Ass, old female, [Equus Asinm), Mofrt conmiiHi dia- 
meter of corpuscles l-4000tii of an inch. Blood oblained lium 
the jugular vein. 

86. Dromedary^ full-grown male, (Camdus Dromedartus)^ 
Disks oval. Long diameter : the most frequent was I -8200th 
of an inch) and the following were seeoi viz. l-4000th| 



Digitized by Google 



30 Mr. G. Gulli?er*s Observations on the Blood Corpuscles 

1-SOOOth and 1 -2666th. Short diameter, l-6000th, the most 
frequent, and the following were seen, viz. l-6600th, l-6400tb, 

and l-5333r(l, and 1-480011). Thickness of the edges of the 
disks l-16,000th to 1-1 2,000th of an inch. A very few circular 
corpuscles, about 1-64-OOlh of an incli in diameter, were ob- 
served. Blood obtained from a prick in the skin. 

87. Viciifrnn, nfbilt male, {Attchcnin Vicugna). Disks oval. 
LoniT diameter ni()i,t frequently l-4000th of an inch; and the 
toilowHig loiin diameters were observed : l-5333rd, 1 -3200th, 
l-3000th. Siiort diameter; the most frequent I -6100th ; ako 
many varying from 1 -8000th to l-5333rd of an inch. A few 
eircniar corpuscles observed, as in the Dromedary. Blood 
obtained from skin of the leg. 

88. Paco^ male^ nearly full-grown, (Amkenia Paco)^ Disks 
oval. Long diameter generally 1 -8200th of an inch ; some 
1 -4000th, others 1 -2666th of an inch. Short diameter, most 
commonly I -6400th and l-6000th ; some of l-8000th, and 
l*58dSrd. A few circular particles observed, as in the Dro- 
medary and Vicugna. Blood obtained by pricking the ear. 

39. Guanaco or Wild Lama, adult female, {Auchenia 
Olama). Blood obtained from the ear. Disks oval, and 
not difieriijg appreciably from those of tlie Pnco. 

Thus in the Vicugna, Paco, and Wild Lama, the blood 
corpuscles are clhptical*, as the interesting discovery of M. 
Mandl has shown them to be in the Drome(lary. In the 
Vicugna the di>ks are laiher smaller than in lite Dromedary. 
They all appear to be very thin or flat in relation to their 
size, their edges in the Dromedary being not more than 
1-1 6,000th or 1 -20,000th of an inch thick. 1 ooold see no in- 
dication whatever of a nncleus in any of the corpuscles ; and 
those of the Dromedary were subjected to the action of water, 
acetic acid, and various reagents, with a view to determine 
this point. 

40. Goat, adult female, (Capra Hircus)* Common diameters 
of corpuscles I -6400th and 1 -6665th of an inch ; the following 

sized globules are also very frequent, viz. I -7108th, l-6888rd, 

and 1-6C)( otii. Blood from a wound in the neck. 

41. Cashmere Goat, old male, (Capra Hirais^ var.). Ave- 
rage-sized corpuscles 1 -7200th to l-5R58th. The corpuscles 
very irregular in size; all the following sizes were very fre- 
quent, viz. l-8000tli, 1 -6400th, l-6000lh; there were also a 
few disks l-5333rd ot an iiicli in diameter. BiooJ iVom the 
vena cava and from the renal artery. 

* A-, nnnounced in the Phil, ^'a^. for December 1839, and in the Dublin 
Medical Press, No. 47. Howm^ obiicrvations un the blood and pus of these 
aniatala were read at the Royal Msd. Gbir. Society, Nov. 26, 1839* 
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4St* Coninon sheep, adult, (Omt Ariea)* Cdrpnedes re^ 
BMurkBbly irregular in siie^ oioet commonly l-6000tfa and 
l-58S8ra of an inch. All the following measurements taken 
from corpuscles which were abundant: 1- 8000th, l-5142ndy 
l-4S00th, l-4^iftt» Blood irom right veomcle^ and from 
vena porta*. 

tS. Bearded Sliecp, an old male, [Ovis tragelaphm). The 
most common diamefor of corpuscles 1-GOOOth and l-.'ISSijrd 
of an inch ; extreme bizes, l-Gl-OOlh and i-4U00tli, the iormer 
much more fre(|uent than the latter. 

41*. Philaiiluinij Antelope, adult lualv, ^^Anlilopc Pttilun- 
tomba). Average-sized corpuscles 1-GOOOlh and l-5333rd of 
an inch. A large number l-4S65th. Extreme diameter^ 
l-e400th aod l-4f00th. Blood from a priek of the ear; 
disks examined dry, in their own semnif and diluted with 
nrine. A very few distinct oval or spear-shaped corpuscles 
were seen, both in the wet and dry specimens. 

45. Gazelle Antelope (Antiiope Doreos)m Most coRunon 
siKs 1.533Srd and l^iSOOtb. Extreme diameters 1-GOOOth 
and l-4000th. Thickness of the edgss of disks l»16»000th 
of an inch. Blood from a vein of the ear. 

4(;. Calf at the seventh month ofutero-gestation, (Bos Tan* 
rm). Most of the corpuscles 1 -4000lli and i •3428th of nn 
irjcli. Extreme diameters 1-GOOOth and l-3200th. Blood 
from jugular, unibilical, and portal veins. 

a. Cow, adult, f^iving mdk. Size very variable, from I -.03 '{3rd 
to I-HjJJiii. Average size, l-4268thand 1-4cHjuiu ot uu inch 
diameter. Biood li om jn*^itiar vein. 

k Brahmin Cow, adult, {Bos Taurus^ van). l>4o72Dd and 
1 -4800th very coinm<m sizes. Extreme diameters l-6000di 
and 1-S557th. 

47* Fallow Deer, foU-grown buck, (Cenm Dama). Ave* 
rage-etJted corpuscles l*457Snd of an ioch. Extreme mcasora- 
ments l-aoooth and us200tb. Several corpuscles UBS9Srd. 
Biood from jugular vein. 

o. A back Fawn, four or five days okL Average-sized 
corpuscles i.4365ih of an inch. Extreme diameters 1-iOOOth 
and l-53»Srd. Blood from jugular vein. 

48. Mexican Deer, ad rdt female, (CV/X7/S 3/t\nVfl»i«). Cir- 
cular corj)mc/rs i^enerally I-6U00lh of an inch in diameter; 
oblong corj)!(S(irs, most Iretjuently from l-320(llli to i-24(K)th 
long, and iiom l-12,U00d) to U8000th broad^ at their gibbous 
part. 

The blood ol ilds animal contains a large quantity of lu- 
naUid or crescentic corpuscles, besides many of the ordinary 
circular fonn. The singular lunated corpuscles are remark- 
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ably distinct and characteristic, nnd I bdieve unlike any 
hitherto described in the animal kingdom. They are £^enerally 
acutely pointed at the ends and gibbous in the middle: some- 
times they are not curved, and then, to use a botanical term, 
they present a lanceolate liuiii L. A more particular descrip- 
tion of them, with drawings, is in preparation. 

49. Napu Musk Deer, adult female, {Traguhts Jaxmticus*), 
Averatre size of disks l-12,000th ol an inch. Extreme diameters 
1-1 5,000th and l-9600th. Blood examined iiuui a prick of 
the ear, also from a small vein of the leg. 

Hence the blood disks of this beaudful little animal ai*e 
smaller than those, hitherto describedy of any other mammaL 
The^ were remarkablv dritinct, and very well seen in dry 
specimens, also diluted with serum or urine. 

50. Pig» about half-grown, (SusSer^), Common dia« 
meters l-4000th and l-37S8th. £xtreme sizes l-5dS8rd and 
i-S200th, and the corpuscles generally very variable^ The 
blood examined was arterial and venous mixed. 

51. Efephant, male, apparently an adult, {Elephas Indicus). 
Mo t frequent diameters of disks 1-SOOOth, 1 -2666th, and 
l-2462nd of an inch. Other sizes, l-.'i329th, 1-C910tb, 
l-2S23rd, and l-228Gth. Blood obtained from a vein in theear. 

Consequently the blood corpuscles of this; anininl are larger 
than any hitherto described in the mammalia, being consider- 
ably larger than in man. l^iit a reference to the compara- 
tive maj^nitude of the blood disks of the horse and the bat, 
and souic .species lA Mus. will show how liLile relation there is 
between the size ui liic iuiiiual and the diameter of the red 
particles. In the mouse for instance they are larger than in 
the horse. 

.52. Rhinoceros, full-grown male, {Ehinoeercs Indiott). 
G>mmon size of disks l-4000tfa and I •2554th, Many were 
observed with duimeters of l-4572nd and l-d2(N>th of an incb^ 
with of course every intermediate gradation of siie. Blood 
from a prick in the nose. 

53. Common seal (Phoea vituUna\ l-d200th the most fre- 
quent diameter. Extreme sizes l-3554th and l-2666th. The 
disks very reffular in size. Blood from prick of caudal fin* 

The particles are slightly larger than in the adult human 
subject, and approach in appearance to corpuscles of the 
monkey's blood. 

• See Piiil. Mag. for Dec. 1839, and Dubiuj Medical Press, No. 47. 
Moschui Javameut of Pallas. Since my observation of the tiogular blood* 
disks of this animal was publklied, Professor Owen hat given an account 
of them ill another <;p(?cles (M.pt/gmausy^iaythitk they teem to be equally 
•oiaUy as be remarks he bad anlid^atod. 
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£4. Common Otter, full-grown, [Lutra vulgaris). Most 
common sizes 1-S600thand l-:i200th. Extreme dinmeter, 
1 - 45 72nd and I - 2 9 1 0 l ti ofan inch. Blood i'rom right veou icle^ 
and from renai artery and vein. 

55. Kangaroo, adult male, {Macropus BenneUii), Most 
comtnon diameters I -3600tli and l-34f32nd of an inch ; and 
the toilowing sizes were rather frequent : 1-40 m)[Ii, 1-3200lIi, 
and l-3000th. Blood from a pi ick at the end ot ihe Lail. 

56. Flying Opossum, adult female, {Petaunis Sciurus)* Ave- 
rage-sized disks l-8600th« Entreme diameters 1 -4800th and 
l-SOOOth of an inch. Blood from a prick in the nose« 

67. Ursine Opossum, adult male, {Dam^urus Ursimis), Most 
frequent sizes l-84S8th and l-36iD0th. Extreme diameters 
1-4' 365th and l-8000th. Thickness of the edges of the disks 
from 1 -1 0,000th to l-lS»000th of an inch. Blood from a 
Tein in the ear. 

58. Another species, {Dasyurmvtverrinus), 1 -4000th a very 
common diameter of the disks; l-4800th and 1-355 tth were 
also the sizes of several of the disks. Blood from the left 
ventricle. 

59. Tiie Perameles, {PerameUs lagotis). Common sizes 
l-'l'572nd and 1 -4000th of an inch. Several disks were seen 
of ilic (oilowing liiiimeLers: l-48U0tii, i-3426Lh,and i-320Uth. 
Blood from a prick in the ear. 

Thus the blood disks of these five Australasian animals 
ame in form and sise with the red particles most common in 
eSner mammals. 

Since the forc^ing paper was printed I have examined the 
blood of some other mammiferous animals. I subjoin tlie 
notes in the order they Iinppcn to have been made. All the 
observations will soon be systenialicaliy arranged, so as to 
exhibit 111 hoiue measure the relation between the blood cor- 
puscles and the organization of the animal. The blood par- 
ticles of the different species of the genus Ccrvus, Antilope, 
and the congeners of the Nauii MuskJJcci, a|)pear Lo nic to be 
especially deserving of further observations ; and it is very 
probable that any physiologist who may prasecute the inquiry 
will be rewarded with some interesting results. 

60. White-fronted Lemur, adult rnale^ (Lemur (Mi/rons)* 
Size of corpuscles very variable^ from l-4800th to l-3000th. 
The most frequent diameter l-3600th. Blood from both ven- 
tricles, from the splenic and portal veins, and the disks ap- 
parently identical in all. 

61. iSambur Deer, adult buck, [Cenm hippelaphus) . Pry; 
size very variable, l-4000th and l-3600th most common* 

i^hiln Mag. S. 3. Vol. 16. No. 100. Jan. 1840. D 
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Extreme diameters, rather frequent, l-4572iid and l-3200th» 
Blood from a prick of the nose. 

62. Moose Deer or Eilc, adult liind, {Ccfvtis Alces). 
Average-sized corpuscles, l-400Uth and l-37G4th, Extreme 
diameters 1 -5333rd and l-3200th. Blood dried^ Irom a prick 
of the nose. 

63. Jiarbary Deer, adult IhikI, (Cciims Barbarus). Dry; 
most frequent diameters l-4S00tb. Extreme diuiucLcrs 
l-5Sd3rd and l-4365th. Blood from the upper lip. 

64. Wapiti Deer, full-grown hind, (Cerous Wapiti). Dry; 
l-4363rd most common size. Extreme diameters l*5833rd 
and 1 -3554th. Blood from the upper lip. 

Carefully compared with the blood of the preceding, and 
the corpuscles generally pretty regular in size^ and certainly 
larger tiian in the Barbary Deer. 

65. Hog Deer, adult male, (Cmw pmr/m/f, albino var.). 
Common size of corpuscles l-5333r<l and l-HOOOtli. Many 
oblong li mated corpuscles, corresponding in size and form to 
tliose observed in the blood of the Mexican deer. 

G6. Gnu, adult ianvdiQ^ (Ant Hope Gnu). Dry ; corpuscles 
varying much in size, l-4800Lh most common. Extreme dia- 
ineLerb i-6000th and l-lOOOth. Blood Irom prick of upper 
lip. 

67* Indian Antelope, male about two-thirds grown, (AnH* 
lope ceroicapra). Dry ; most frequent diameter l-4800Ui and 
1.5000th* In their own serum the corpuscles were very 
irregular in sisse and shape, and certainly smaller than when 
dried. The extreme sisses of the dried disks l-noOOih and 
1 -4000th ; in their serom or diluted with urine i«8000th and 
l-5000th. 

68. Giraffe, adult male, {Camelopardalis Girqffa). Most 
frequent size of corpuscles l-4572nd. Extreme dinmeters 
l-5333rd and l-4000th. Blood from a prick of tlie lip. 

69. American Buffalo, full-grown female, {Bos Bison), 
1 -40001 fi of an inch, a very common diameter of the corpus- 
cles. Extreme sizes 1-45 72nd and l-3554th. Blood ex- 
amined dry, from the nose. 

70. WeaseUheaded Armadillo^ adult male, {Dasi^pus ux* 
dftctus). Most frequent size of corpuscles 1 -3429th, and the 
Ibllowing common, viz. l-3692nd, l-3552nd, l-3368tli, 
l-8330th. Extreme diameters l-4000th and l-^SOOOlh. 
Blood from a prick of the ear. 

71. Lesser American Flying Squirrel, adult, {Pferomt/s 
volucella). Dry I l-3600th the most common size of d isks, and 
l-40(K)th not uncommon. Extreme diameters l-4800th and 
l-3428th. Blood from a prick of the ear. 
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7S. Palm SqoimI, adnlt, {Sehtna fiahuavm)* Diy; roost 
commonly l-3692Qd| extreme sizes 1 -4800th and l-SOOOth. 
In their own serum or in urine they seemed contracted, the 

corpuscles often cup-shaped, bent, or shrunk, ranging from 
l-4800th to l-4000th« Blood from a prick of the tail. 

73. Furnier's Capromys, adult, (Capromys Fnrnicri). Dry; 
common diameters l-35.30l!i and l-3429th. Extreme sizes 
l- IOuutii and l-3(X)Utl). Blood from a prick of the ear. 

74". Bandicoot Kat, adult, (Mus gigatiiem). Corpuscles in 
their own serum very irregular in size, most frequently 
l-4000th of an inch, and many from 1 -5333rd to i-3200th. 
There was evidently considei able shrinking of the corpuscles 
while under examination, as observed in several trials. In 
dried specioiens the disks were generally from l-4000th to 
l-3600th. Extreme sizes l-4800thand l-3200Ui. Blood from 
a prick of the tail. 

75, Hottry Marmot or Whistler, an old animal, {Ardomys 
pnihum). Dry; most commonly 1^600tii. Extreme sizes 
l*4000th and 1-dOOOlb. Blood from a prick of the tipper 
lipw 

RcfentV PSurk Bsmcki, Nov, 1830. 



V. On fhr llmploipneni of Carbon in VoUaie CombinaHons* 
Bij Mh, John Thomas Cooper, Lecturer on Chemistry, 

To Richard FhiiUpSf Esq^ 4tc. 

T T occorred to roe on reflecting upon the use of the platinum 
^ as employed by Mr. Grove m the construction of hit 
very energetic voltaic combination*, as it was on]^ to conduct 
the electncitf from the decoroposingp nitric acid, that any 
cheaper substance which conducted electricity, and upon 
which nitric acid had no action, might be employed with equal 
advantage, and probably supply the place of the more ex- 
pensive material. With these views I was induced to make 
trin) o\' rharcoal^ and the other forms of carbon, viz. plumbago, 
and a peculiar kind of cnrbon which is frequently met with as 
an incrustation in the retorts in which coal is decomposed for 
the purpose of c^ns lighting: and was gratified on makirig the 
experiments in lindin^r mv anticipations fully realized. In 
order to show the comparative value of each of the substances, 
I here subjoin the results of some of the experiments mad^ 
with acids of the same strength, and with amalgamated cine 
cylinders, each presenting to the action of the dilute sulphuric 

L* Se« JUoad, & Kdial). PbU. M^g., Oct 183d, vol. iv. p. ^7*] 

I>2 
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acid as nearly an equal sar&oe as It was possibla to obtain*. 
The figures represent the volumes of gas obtained by tba vol^ 
tameter in equal timea. 



Thick pkti]iuiu foil soldered 


Well-burned charcoal clamped 


to the ziiUL 


to the zinc* 


3-4 


2-8 


3-4. 


3-0 


3-4. 


3-1 


3*6 


3*2 


3-6 


3-25 


9*5 


9*25 


$•75 


9-25 


S-5 


3-4- 


3*5 


3*25 


9)31*65 


9)28*50 


Mean 9*617 eab. bieh. 


Mean 9*17 cub. hidi. 


PlumbaKO clamped 


Hard carbon from gas retorta 


to uie zinc. 


ciEuiDed to the zinc. 


9*2 




9^ 


2*8 


3-3 


3*3 


3*2 


3*4" 


3-2 


S-4 




3-46 


3-6 


3*5 


9-7 


9*6 


9-6 


9*4 


9)90*5 


9)29-45 


Mean 3*4 cub. incli. 


Mean 3*27 cub. inch. 



From the abore results it will be erident that the platiomtt 
appears to possess a trifling advantage over the oner snb» 
stances ; tbts, however^ 1 am inclined to ascribe to the more 
perfect contact of the platinum with the aine bjr soldering than 
lo its s uperior qualities as a conductor of electrjdty ; and when 
ihe difference of expense is taken into consideratioR in the 
construction of large and extensive combinations, the applica- 
tion of the above-mentioned substances must be r^rdedas of 
great importance to the chemist, nnd to those who may have 
occasion to employ such combinations as electro-motors, see- 
ing that either with the charcoal, plumbago, or hard carbon, 

* The battery condsted of fonr dae (^liodcn» caeh iiavioe 6} in^et 
■oifiice, and tba pipeday ciips« 1 iadi in ibanetcr uA Ifineii raif, wlneh 
fSTe iha sbore qiundty of |^ in two ninatsi. 
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the poritjr of the nitric acid is a matter of indilfereno^ strong 
commercial add aiisweriog every purpose. 

I remain, dear Sir, very trulyyonrsy 

John Thomas Coopeb* 

9St, Blackirtars Road, London, Dec. 10, 1839. 

P.& I have foand within these few days that some kinds oi 
common coke, such as is very brilliant, close-grained, nnd 
has a columnar fracture, is equally good with the other varieties 
of carbon^ and admits of being selected of almost any variety 
of form and size. J. T. C. 



VI. On Derivation of Coexistence : Part 1. Being the Theory 
of simultaneous simple homogeneotis Equatiotis, By J. j. 
Sylvester, RR.S, 4* R»A.S.y Professor qf Natural PhikH 
sophf in University College, London** 

A t (I ) ^^^^^ ^^^^^ constant occasion in this paper to 

^ ' \ '} f ? denote different quantities by tlie same letter 
affiscted with different subscribed numerical indices. 

Such a letter is to be termed a ** Base." 

Every character consistinrr of a base and an inferior index I 
call an argument ot the base, viz. the first, second, or ?ith ar- 
gument, according as 1, 2, or in general (it)} be the number 
subscribed. 

Art. (2.) I use the symbol PD to denote the product of 
the differences of the Quantities to which it is prefixed (each 
being to be subtracted Jrom each that follows) ; thus 

PD {a h c) indicates {h—a) (c — a) {c—b). 

PD (o a h c) indicates a b c {b'^aS (r — a) ic—h.) 

PD Ip a b c I) indicates a b c I x PD {a b c ... /). 

Art. f3.) For want of a better symbol 1 use the Greek letter 
f to denote that the product of factors to which it is prefixed 
is to be effected after a certain symbolical manoner. This X 
shall di^iin^iiish as the zeta-ic product. 

Hie symbol ^ will never be prefixed except to factors, each 
of which is made up of one or more terms, consisting solely of 
linear arguments of different bases, i.e. characters bearing in- 
dices below but none aboYe« 

I am thereby eoabled toffive this short rule for zeta-ic mul- 
tiplication : Imagine all the in^or indices to become supe- 
rior, so that each argument is transformed into a p<me7' of its 
base; multiply according to the rules of ordinary algebra; 
aiker the multiplication has been doneJuOy out depress all the 

* Cdmmumcated by the Author. Part L appeared in L. & £. PhiU Mag. 
Dec* 1839» toL it* p. 498. 
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indiceB into their original position; the mult it the leta-ic 
product'i^/* 

Thus for example {^(a^ . 6^) is the same as simply . 

but ^{a^,a^) represents not «^ but a^^. 
So in like manner 

w the depressed pndudti^ (a— 5) (it— c) (i^c) 

« the depressedv$k» of (y- cO + oO + (o' -iO 

i.e. = . ftj — ff j . 4- • — ^2 • ^1 4-^2 • ^1 — ^2 * ^1 • 

Art. (4.) We sii iii have occasion in this part to combine 
the two symbols ^, i^D: thus we shall use 

f PD [a I to denote f (^/— »/) 

f PD (r/^ 6^ C;) to denote ^{{b^ — a,) (c, — a^ {c, — h)). 

Art. fo."* For the sake of clonrance of diction T shall in future 
soinetmics omit to insert the interior index when it is uniry; 
but the reader must always bear in mind that it is to be under' 
stood though not expressed. 

I shall thus be able to speak of the zeta-ic product of such 
and sucii bases niciitiuiit'<.i by naine. 

Art. (6.) We are not yet come to the Umit of the powers 
of our notatioii. The ieta>ic product of the sum of arguments 
will consist of the sum of products of arguments, eadi aigu- 
ment being (as I have defined) made up of a base and an infe- 
rior index. Now we may imagine eadi index of every term 
of the zeta-Ic product t^ier U isJuUy ^.i;pafitf<A£ to be increaseid 
or diminished by unity, or earab at the same time to be in* 
creased or diminishecl by 2, or each in general to be increased 
or diminished by r. I shall denote this alteration by affixing 
an (r) with the positive or negative sign to the Thus 

i{a,^bi) O being equal to ffg— tfi . ^i+^i . ^i— • «i 
S+t (<^#~^i) (^/—^i) 18 equal to • ^+^9 • <^t"^^t * ^s 

S-i (^i—^i) («/— 0 M equal to ao . Co+ifl. Cq— ^Q.^Q. 
In like manner f PD (a b c) indicating 

ftg. Ai — C| +Cg. ^1 — • ai+Og . Tj — «g . bi 

* It i> -rrircely nccr"nrv to nflil tli ',t nn analogous interpKtatioa tMf 
be eJUcuUed to any /.ctn-ic t unction whatever. Thus 

^(«i + ^)^ = % + ^«i*i + ^ 
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I shall io general denote PD (a 6 c ••« Q actuaUy tm^ 
ponded as the zeCa-ic produd cf I In its Hh fham. 

Art. (7.) General Properties o/Zcia-ic Products of Differences* 

If there be nia le one interchange m tlte order of the bases 
to which fis prelixeil, the zeta-ic product, in whatever phase 
it be take% remains unaltered in magnitude^ but changes its 
sign. 

Art, (8.) If in any phase of a zeta-ic product two of the 
bases be nrnde to coincide, the expansion vanishes. 

Art. (9.j Lei ut: u^uJ, agreealilv to llic oreliiiary notation, 
to denote the sum cit the quanlitii s lo wiiich it is })relixeJ, 

to denote the sum of the binary products^ of the ternary 
ones, and so on. 

Thus let /, (01 or (a b c) indicate ai+6|+c« 

and ((if b, c,) or J*^{a b c) indicate a, b^ c, 

we shall be able now to state the following remarkable pro- 
position connecting the several phases of certain the same 

zeta-ic products. 

Art. (8.) Let a, 6, e, ... /, denote any number of inde- 
pendent bases, say (n — 1 ) ; but let the nr^nnicut^ of cacii base 
be periodic, and the number of terms lu eaciipehoU the same 
fa every base, namely so that 

= ^r+« » = " ^-n 



r r-f-n r — n n • — >i 

f being any number whatever. Then 

PD (oa6i?.../) = f (/, (ab€.a) . f PD (o a^i:..^) 



t^r PD (o a 6 « t (/r (a 6 Cm J) . { ri> C^' « ^ 
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Tbis proDosiUon admits of a great geDeraliatioiii*^ but we have 
now all tnat is requnite for enabliDg us to arrlTeata proposi* 
don exhibiting under one emqt d'ceil evciy combination and 
every efiect of every cooibination that can possibly be made 
with anpr number of coexisting equations of the first degree, 
Gontainmg any number of repeated, or to use the ordinary 
language of analysts, (variable or) unknown quantities. 

Art. (9.) For the sake of symmetry I make every equation 
honiogcncons ; so that to eliminate n repeated terms» no more 
than 71 equations will be required. 

In like manner the problem of determining n quantities 
from 71 equatiuiis will be here represented by tliecase in which 
we have to determine the raiios of (n + 1) quantities irom n 
equations. 

Art. (9.) StaUmeiU if ilie Equaiians qf Coexistence, 

Let there be any number of bases {a be and as many 
repeated terms (xjf z ... t)^ and let the number of equations 
be any whatever, say (n). The system may be represented 
by the type equation 

In which r can take up all integer Talues firom ^ « to + « • 
The specific number of equations given will be represented by 
making the arguments of each hage penoUe, so tnat 

j» being any integer whatever. 

Art. (10.) Combination of the given EqmUimu^ 

Leading Theorem* 
Take gf k as the srbiirary bases of new and absolutdy 
indqiendent but periodic arguments, having the same mdex 
of periodicity [n) as a be It and being in number {n — 1), 
i. e. one fewer than there are units in that index. 

The number otd^gMng arbitrary constants thus man^fae^' 
Uircd is » . (» — 1). 

Let A j: -f B ?/ 4- C t 4- . . . + L / «= 0 be the general 
prime derivative from the given equations, then we may make 

A= {oafg.., k) 

B=- tPD {ob/g ...k) 
Ca{PD(0c/g 

Art,(n.) C5or.<l.) hyerencesjrom the Leading Theorem, 
Let the number of equations, or, which Is the same thin^^ 
* See the Postscript to this paper &r cm fptdmoi. 



Digitized by Googl. 



1 



Pmf* SylY«st«r m Derivaiion ^ Coesisi^neCm 41 

llie index of periodicity (»), be the same as the number of re- 
peated terms (x^ 2 ... then one relation exists between the 
ooefiicients: this is found by making the (it — 1) new bases 
ooini^la with (n — I) oat of the old bases. We get accord- 
ingly, as the result of elimmation. 

Art. (IL) Cor. (2.) Let the number of equations be one 
more than that of dieaiven bases, there will then be two equa- 
tions of condition. Aese are represented by preserving one 
new arbitrary base^ as x.- The result of dimination being in 
this case 

Ex. The result of eliminating betweisa 

a| • jr + ^1 *y ^0 

isf PD(oii6a)ssO 

ue. Ag . Z*^ aj — ^3 . cr^ + Ai . — Aj . ^2 + A^ . 
— ^ . ^'1 — ^ 

from which we infer, seeing that \ are independent, 

63 . flj — ^, . «2 = 0 

^1 . If 3 — br^ . ffj = 0, 

any two of which ini})ly the ihirtJ. 

In like manner, in general, il the number of equations 
exceed in any manner the number of bases or repeated 
terms, the nue is to introduce so manv nem and arbitrary 
bases as to^rether with the old bases shaU make up the num- 
ber of equations, and then equate the seta-ic product of the 
difierences of aero^ the old bases and the new bases, to nothing. 

Art. (12.) Cor. (S). Let the number of equations be one 
fewer than the number (n) of bases or repeated terms ; the 
number of introducei! bases in the general theorem is here 
(« — 2). Make these {n — 2) bases equal severally to the 
bnses which in the type equation are affixed to », 
then 0 = 0 



L = 0, 

and we iiave Icll simply 

t PD {oacd.„kl)x + ?PD {obcd .../il}// = 0. 
T 1 1 like manner we may make to vanish all but A and C, and 

ihub get 
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and nmilarly 

{:PD(o«d ... Ar) ?PD (o6c ... 1) t m 0. 

x-^ r^Viy [o b c ...I) 

y \ PD {a 0 c ... t) 

z fPD(a^o... /) 



Hence . > are severally as 



This is the symbolical representation as a formula of the 
remarkable method discovered Cramer, perfected by Be- 
zout and demonstrated by Laplace for the solution of simul- 
taneous simple equations. 

Art. (13.) Cor. (4.) In like manner if the number of re- 
peated terms be two greater than the number of equations^ we 
have for the relation between any three of them, taken at 
pleasure^ for instance, jr, 

And in like manner we may proceed, howi vd much in ex- 
cess the number of repeated terms (unknown quantities) is 
over the number of equations. 

Art. (14.) StibcoroUary to Corollary (3.) 

If there be any number of bases (ahc and any other 
two fewer in number (fg k) 

(VD{afg...k) X ^VBibc.l) 

+ f PD (a/g ... k) X f PD (6 C ... Q [ to denote ordinary 

algebraical muldpli* 
cation. 



+ i?D{lfg...k) X tPD(o6c...) ssO,J 

ft formula that from ite very nature suggests and jprowiawide 
extension of itself. 

In conclusion I feel myself bound to state that the principal 
substance oC corollaries (1), (2) and (3) maybe found in Gar- 
nier's Amiljjsc yllgc/j}ique, in ilie ciiapter licaded *'Deve- 
loppement de la Theorie donnee par M. Laplace, &c." But 
I am not aware of having been anticipated either in the fertile 
notation wliich serves to express ihem nor in the general the- 
orems to which it has given birth. 

End of Part (2). 

[The subject to I)e contiiiiisd.] 

University College, London, Dec 9, 1839. 

P.S. I shall content myself for the present with barelv 
enunciating a theorenii one of a class destined it aeems to the 
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. author to play no secondary part in the development of 8OI&0 
of the most curious and Uiteresthig points of analysis* 

Let there be (a— 1) bases a, 5, c ... /, and let the arguments 
of each be ^ recnrrents of the nth order*," that is to say let 

fl «f(cos.^') ^.=x(c<».2^') 

K = (^*-ir)' 

Let denote that any bymmetrical function of the rth de- 
gree is to be taken of the qunntities in a parenthesis which 
come alter it, and let ^ indicate any function whatever. Then 
the zeta-ic product 

f (fE, (a be... I) xf^ dPD {oabe... /)) 
is equal to the product of the number 

(COS — + -vCTt . sin ^ 

multiplied by the xeta-ic phase 

f^^^^PD (o a 6c.../) 11 

* I am liMkbted for this term to PtoSlmor Da Moiipui, whoie |m|»l T 
may boait to have been. I have the lanction also of hit authority, and that 

of another profound analyst, my collcngue Mr. Graves, for the use of the 
Mrhitrary terms zeta-ic, zeta-ically. i take this opportu tiit \ of retracting 
the s^'inboi S P D used in my last paper, the letter S having no meaning 
exMt for BnalMh readers. I eobstituto forh Q D P, where Q repreientt 
tlie Latin word Quadratus. On sonic futtife occasion I shall entarse upon 
a new method of notation, whereby the hmf^nage of analysis may be ren- 
dered tnuch more expresMve, depending ea&entialiy upon the use of similar 
figures ioierted withm one anotner, aaa coDtaioiiig numbers or litters, ac- 
cording as qoantities or operations ore to be denoted. This aystem to be - 
cariH iI out would require ipeciaL bat Tery ample priatiog tjpei to be 
founckrl for the purpose. 

In the ntxL pai I oi this paper an easv and summeirical mode will be eiven 

of lepreseating any polynomul ehbcr m Ht Mvelopable or expanded nram. 
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VII. On the Combinations of Carbon wif/i Silicon and Iron 
and other 7)ictals^ Jbrming the different species of Cast Iron, 
Steel, and Malleable Irmu Bi^ Dt. C bcuAFUAfiUTi^ qf 
Munich m 

[Continued trom vol. x?.p* 438*3 

THE chemicnl ingredients of the iron are eaiiily to be asoef^ 
tained ; bul the information thus obtained is of no value in 
investigating the real cliemical nature of iron, nnt^ can only 
be used as a preliminary method which must guide or verity 
further proceedings. 

1 will only here remark, that by separating silica in the 
usual way by means of alkalis, there is considerable difficulty 
in rendering silica insolui)lc in waicr wlien combined with a 
<ji"LaL fjuantity of oxide ofiri^n, it requiring a great length of 
lime lo iiiivc away the last tiaces of waler and acid liom tlie 
evaporated solution; and bya ouick evaporation, if the residuum 
Is not heated almost to a red heat^ toe siHca either dissolves 
in a great measnre again, or goes through the filter after a 
most tedioos fiUerinflr process. It b always a laborious pro* 
cesS| eansliig mach loss to separate it afterwards, when the 
solntion eontahu manganese. On the oontrarji if the heat is 
increased to so high a degree, the separated silica retuns a 
great quantity of oxide of iron, from which it is the most 
readily freed by treating it, after ignition, with hot chlorohy- 
dric acid ; I mention this purposely, as Baron Thenard cau- 
tions us to use, for evaporating the solution containing the 
silica^ only a moderate heat, in order that the chlorides may 
not be decomposed. 

Ill nsc( riaiiiinf;^ the exact quantity of carbon, of more llinn 
hail-a-dozen given directions one only is of real value, wliicb 
was likewise first used byBerzeiiu«, viz. the bm ning the iron in 
a current ot oxygen gas, or mixing it with chlorate of potash 
andchiuMiaie ot lead, anil igniting it in a glass tube after the 
well-known practice used in the analysis of organic boJies. 
All olhti iuclhoils give^ instead of pui u cai boii, carbon com- 
bined with silicon, or carbon combined with hydrogen, azulc, 
and silicon* 

To ascertain the quantity of azote^ where the metal is in 
large quantity, I nse Dnmitt's method, vis. the combustion of 
iron in a vacuum ; but where the quantities are small, I em- 
ploy the following means. I put into a tube of German glass, 
from four to five lines widc^ and about twelve inches long, 
shut at one end, a few grains of the body from which I intend 
to separate the aiote^ and afterwatds about six times its weight 
of a mixture of canstic potash and caustic barytei; the open 
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end of the tube is then drawn out over the lamp into a short 
cnpilliiry tube, the tube is afterwards bent a!)out five inches 
frojTi its closed ctul into a siphon-like figure, the capillary tube 
is immersed in a test glass uiull it nearly touches ilie bouom, 
holding not more diluted chlorohydric acid than sufficient to 
fill the drawn-out leg of the syplion to the heif^ht of three 
inches, whilst the other end is gradually heated over a spirit- 
lamp. The azote forming with hydrogen ammonia is driven 
out in a very small stream into the acid^ and when the de» 
compoaition of the iron is completed^ Uie heat is gradually di* 
minishedy and the add ascends in the same ratio into the end 
of the siphon. As soon as all the aeid of the test tube is ab- 
sorbed, air is streaming through the capillary tube and the 
acid into the siphon, thus establishing the equilibrium between 
the interior and exterior of the tube. The heat is afierwards 
again raised, till the absorbed acid is driven out again into 
the test glass, and after this operation all the ammonia will be 
found to be absorbed by the acid. The larger end of the 
siphon then cut off and well washed with distilled water, 
and the quantity of ammonia ascertained by means of a so- 
lution of chloride of platinum, added in excess, the liquor of 
course being eva|>oi iited nearly to dryness in the water-bath, 
and treated and washed with absolute alcoliol. The com* 
pound of muriate of ammonia and chloride of platinum, in* 
soluble in aloohol> remainsi from which the quantity of am* 
monia is calculated very ea^y. 

The action of acids upon iron and the products afterwards 
are highly curious and interesting. The products formed by 
the action of acids upon iron depend first, on the chemical 
constitution of the iron itself ; secondly, on the greater or less 
division of the mass ; thirdly, on the chemical constitution of 
the acids ; fourthly, on the greater or less concentration of 
the acids; fifthly, on the temperature; and sixthly, on the 
presence or exclusion of the atmosphere. 

The acid wlio^c aciit>n I have most studied is the hydio- 
cliloric acid, and in some respects nitric acid. I therefore con- 
fine my observations to those two only. The specific gravity of 
the hydrochloric acitl used by me was 1*169 to 1*1 7. The iron 
was in fragments from the size of a nut to that of a lentil. For 
the sake of illustrating the action of hydrochloric acid upon 
iron, I select first a fragment of a steel bar of the highest con- 
version of the Dannemora iron. A drop of alreadv melted 
steel adhered with a very broad base on one side. The frMT- 
ment about the siieof a walnut in a temperature of 48 F., 
was treated in an open wineglass with chlorohydric acid. The 
action of the acid was very rapid^ but the oatside of the bar 
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fragment was more rapid]} attacked than the bright crystal* 
line fracture of the steel. That most rapidly attacked was 
the before-mentioned adhering drop of steel; a light yellow 
powder was first separated, which partly rose to the surface 
and partly descended to the bottom : next a gray precipitate 
was i^ciHinted, which increased until the acid ceased to act 
upon tlie steel. All parts ol the sled fragment which show- 
ed an incipient melting and silver-wlute colour, retained this 
colour during the acLioi) of the acid : the other parts of the 
outside ol the fragments showed a biatkeaed granular foriua- 
tion, traversed by white shining needles. 

After havinff taken the fragment from the acid, I filed the 
sorfaoe of the oefore^mentioned steel drop off, and laid open 
a grayish sar&ce traYersed by a venous network, white and 
shining, and much more difficult to be attacked by the file 
than the lower gray and softer parts betwixt the network. 
On pouring fresh acid again over it, th^ filed surface was soon 
covered with a deep black velvety crust, traversed by a silver 
white elevated network, somewhat similar to the veins in some 
marble?;. The interstices between the network, after removing 
this bhick crust, were found to be filled up w iih small ci vsiai- 
linc iiccdies, and all the white places, showing an incipient 
fusion, which the day before had i t innined wlnte, disappeared 
partially on the second day, leaving only a lew spots iikc the 
remaliuler of a skin, which covered a similar composition, 
foriiicil of an aggreguLioii of needles. I he faces ol the cubical 
crystals seemed also to consist only of a silvery skin, which 
bemg corroded and eaten through by the acid, showed trndeiv 
neath a granulated textnre. A gray precipitate was found on 
the bottom of the glass, distinctly intermixed with a little yel«- 
lowish grannlated powder. 

A separated cubical piece of the same bar, treated in the 
same manner in a wine-glass, was not very rapidly attacked 
by the acid, but milky streams were observed ascending to 
the surface. Fresh acid was then substituted. The liquid 
soon became milky; a copious w*hite precipitate fell, wljich 
two hours afterwards assumed a whitish flocky form, and 
only a few smnll black flocks seemed to be mixed with copious 
yellowish flocks. 

In order to obtain some further inforniaiion respecting this 
powder, w hich I considered as silica, 1 used tragments of the 
size of a pea of a highly-cubical crystallized steel bar, made 
from burnt E^iglish iron, prepared aner my method ; secondly, 
a granulated fragment of the exterior of the same bar; thirdly, 
a small crystallized ^onge-like piece from the before-mention- 
ed bumt bnri be&ra iu eoiivmoii into steal* I pnt over 
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those sp e d m en8> in tbree dilferent glasses, hydrochloric acid. 
No. 1. w«B attacked vary vidently : the liqmd beouna iiiiUnr» 
and a yellow precipitate with a very few traces of blade flooka 
remaiiwd* Daring a space of nine'weeks the eolation had inn 
bibed to tnocb water from tho-snrrounding atmospfaare^ that 
the glasses were nearly overflowing. The acid wat thca 
poured off and distilled water poured over the precipitate ; the 
precipitate was now white and flocfcy, and the most oopioQs 
of the three samples. 

No. 2, was not so violently attacked^ and did not become 
mWky : first, fine bUick scales became separated, adhering to 
the sides of the glass very regularly; afterwards, the interstices 
between these black scales or spots became filled up with the 
before-mentioned yellow powder. The whitish powder ap- 
peared very fine, never granulated or flockv. and adhered to 
the sides of the glass n I most entirely. The wintish precipitate 
of Nos. 1. and 3. fell lo ilu. lit i tom of the glass. 

No. 3. was the most rjimlly attacked by the acid, and 
became milky, the aiuiic as No. 1. l lie liquid was, after a 
lapse of nine weeks, rather turbid and showed the smallest 
quantity of bkok scales swimming in the Ik^uid. A few hours 
after the acid had been poured over it» it became tnrbid and 
very yellow, which showed that it had combined the qnidcast 
witn the oxygen of the atmosphere. 

The day lAer tlie add had been poured on No. the sur- 
face only began to acquire a yellow colonr. In No. 8. tha 
i>Iack flocks seemed entirely to have disappeared, and theyel- 
Jowish powder ascended in part to thesurnice, and the remain- 
der fell to the bottom. The difierence therefore between the 
granulated exterior of the same bar, and the interior crystal- 
Dzation, seems to consist in this, that the exterior produces less 
white powder in a very divided stale :tiul more carbonaceous 
scnies, or that tlie granulated part^, be they inside or outside 
of the bar, contain less of the white powder and more black 
scales than the crystallised : I tlierelbre iiiier, that tliecnrhnn 
is here substituted for silicon ; and as No. 8. coiiiaine(i more 
silicon than No. 2., it seems either that the silicon of No. 2. 
was partially driven away during its prepariuioii by the t ai l)on, 
or l allicr lhat the odicun leiijaiiicU in coiiibiiiaUua wiili carbou. 

A fragment of Bombay wootz was also very slowly attack- 
ed by tlie addsy and deposited on the sides of the glass the 
befora-roentioned white powder. 

91*71 graina of Md S. left white midunm dried at the heat 
of bcnliog water « 0*3437 grains. 

A pkrt of a coloured Ulster of Danncmora ateal deposited 
likewise a powdeTf and was like the befoie^meDtMiiid 
aaniplest 
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I took afterwards two jiieces ol ii oii ii oai the pudtlliug fur- 
nace, one just before the granulated mass began to become 
ooherenfi, and the other just belbre the iron was ready f&t 
balling or for being made into ballsi in order to bring ibam 
under the forge hammer. These two samples were treated 
with acids as before* The first sample, weighing 29*89 grains, 
separated a gray powder, and left a black £eleton of the iron, 
which very easily crambled into powder. The weight of the 
grny powder was 0*421, and the black skdbton weighed 
0*250. 

The second sample, which had been forged and consisted 
i>f n mixture of grains and fibres, weighing 36*625 jTrnins, left 
gray ish-green powder first, and on the acid being clianged for 
the diird time, it deposited white powder and left also a black 
skeleton, which oxitlized verv rapidly and was soon converted 
into a browii puwder. Concentrated nitric acid would not 
act at all on this remainder, but on the addiUun uf hydrochlo- 
ric acid the powder became of a bright red. The remaining 
powders togedier weighed 0*8125, and the black skeleton 

We learn from this that the tlaek remainder Increases with 
the progressive advancement from cast iron to that of mal- 
leable^ and that the gray powder belongs to the gray ^antH 
lation, and the white remainder to the finished fibrous iron. 

The relation of the black remainder to the gray appears to 
be in all cases the same, onl^ that the quantity increases pro- 
gressively towards the finishing of the puddling. 

We gather further from these facts, that the yellow powder 
appears only on using concentrated hydrochloric acid, and 
with that species of iron which nearly approaches steel and 
wrought iron. 

At first I eoii-itlered the yellow powder to consist of silica 
with a small ponion of iron, and with the view of ascertain- 
ing with certainty the correctness of my opinion, 1 collected 
the yellow residuum of the three before-mentioned specimens 
on a very small filter, and separated as much powder as I 
possibly could* 

The powder retained, after being dried, itslight yellow colour, 
and was neither attacked by adds^ except by very eoncetOrated 
hydi'ofimric acid ; it became white by heating it on a platinum 
iml, and melted with soda on charcoal before the blowpipe^ un« 
der effervescence, into a transparent globule of a ruby colour, 
which retained its transparency afler cooling ; a circumstance 
which seems to indicate the presence of silica as well as ml- 
fhuv\ the presence of the latter was also ascertained by the 
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0'41 of tliis yellow powder was melted in a platinum cru- 
cible with carbonate of soda, and the effervescence was very 
vivid. I separated silica to the amount of 0*1 15. The solu- 
tion, from which the silica was separated, sa.turated wiih car- 
bonate of animonia, left alumina with a little silica, which 
amounted to 0*107; no trace of iron could be detected. 

Foorteen grains of filings of English iron» made after my 
peculiar meuod for steel, were then dissolved in a test glass 
with five drams of hydrochloric acid. The iron dissmved 
rapidly; a dark gray oily skinny scum collected on the sur- 
face^ and the glass was filled to an inch in height with a whitish 
gray saline granulated precipitate of protochloride of iron, 
which, on having removed the acid and substituted distilled 
water, disappeared completely. The solution, stirred and 
quickly pourccl into another vessel, graif heavif ^mIcs oi 
the form of the filings on the bottom. 

These gray-white scales, well washed, were very slowly at- 
tacked by diluted iiydrochloric acid; concentrated, it acted 
rather more powerfully, and tlie liquid became yellow and 
milky fourteen hours after the action of the acid had ceased. 
A few black spots remained on the bottom ; a gravish viscid 
mass floated on the surface, like sulphur, separated by aqua* 
regia from sulphurets; the sides of the tube were covered by a 
layer of yellowish- white substance^ which I could sublime over 
a lamp and volatilize. The fumes escaping had^ in a degree, 
tlie scent of French brandy and fennel oil. 

The black viscid mass, slowly ignited on a platinum foil, 
emitted first fumes of volatilized sulphur; then some sulphur- 
ous acid appeared ; and lastly, the mass began suddenly to 
glow like tinder, and burnt without further assistance, leaving 
a residue of darkish brown powder, which, boiled with muriatic 
acid, assumed a vivid red colour, was scarcely aiiucked by 
;i(|u;i-i (j^nii, and only dissolved completely after beint^ boiled 
again in hydrochloi ic acid. This scaly remainder consisted 
therefore of Iron andl „ . 

Sulphur/ '^fi^®*'^"*"*''^* 



Carbon and\ 

Hydrogen / ^'^^^ ^ 
)huret of carbon mixed with ii 



probably a sulphuret of carbon mixed with iron, or a carburet 
of iron mixed with sulphur. 

The water, quickly separated from the heavy scales as before- 
mendoned, became, after a little time, clear, a white precipitate 
having fallen to the bottom. This precipitate, heated first on 
a platinum foil, gave out sulphur, then a small quantity of 
sulphurous acid, when the mass b^an to glow and a light 
vchitc powder of silica remained. 

l^hii, Mag. S. 8, Vol. 16. No. 100. Jan. 1840. E 
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This light precipitate coiisisted therdbio of 

Silica, 

Carbon, 
Hytliogtiii, 
Sulphur, 

and was, in all probability, a carburet of silicon mixed witii a 
carbarec of icilpDtir. 

The same aoaatity of steel filing! from a nior made by 
Rogen of Sheffield, gave nearly the nine remits with the 
oeptioDy that the icdinient was darfcer, and there remabed 
more of the white sulphurous precipitate^ covering nol only 
the sides, but, in a thick layer, the bottom also of theteHtiibcw 

Iron whioh I made at Axa^ in the Oriental Pyrenees, from 
a mixture of ipathose iron and iron jinnee, differed only 
from the foregoing specimens in this, that the sediment ap- 
peared of a 1i<r]uer colour and tlic sides of the tube remained 

uncovered by ilic w/nie prccipifate. 

The first decanted liquid of this iron treated with sulphu- 
retted hydrogen let fall a red(iibh yellow precipitat<% boiubiti 
in ammonia, leavin-r v hite sulphur. 

Further, 1 UcaLeti powdered cast iron from the Maesteg 
iron-works, near Neath in South Wales, with caustic poiasL 
in a test tube. Afler the evolution of ammonia had ceased, 
Uie mass was dissolved in distilled watert and » part of the 
iron was &and Half of (his powder was dissolved 

in hydrochloric add ; hydrogen escape^ and a whitii^ gray 
flockv precipitate remained. The other half of the remain* 
Ing mm bem|| agsin melted with caustic potash, and am- 
monia was again discogaged, leaving also a black granulated 
mass of iron, which was rather tough under the hammer, 
and aflerwards being likewise dissolved in hydrochloric acid, 
a perfectly ivhrtr pecipitate rrmained. The acid was re- 
moved and distilled water subbtitulcd, until no trace of hy- 
drochloric acid was to be found. 1 considered it to consist 
of sulphur and silica ; but on heating it carefully over a 
spirit lamp, a very volatile vnpour wa<5 disengaired, having 
some distant resemblauLe to iho buiell of cyaihc acid cas, 
A litUe white powder remained on the bottom, and the 
sides of the test tabe wesi covered by a dew of a perfectly 
transparent liqoid* Having poured a lew drops of distilled 
water iito the tubs^ and afterwards • drop of solution of 
nitrate of silveri a white predpiute fell which retetned ite co» 
lour on exposuie to the fays of the sun | a proof that it was 
Dol chloride of ail w* 

LTo be ce et ia B sAi ) 
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VIII. A few Obsenmtions on the AulkcidiclUi of the Pass- 
age in the Treatise of Boefius de Geoiiieti ia on Xui/tcncal 
Contractions, By J. O. Halliwell, ii^j., I\E,S., KS.A,^ 
F.R.A.S. iv.* 

T VENTURE to add the following remiuks lo what I have 
}>ieviously written t, in consequence of n postscript by 
M. Libri, who wishes for more substantial evidence on the 
point of authenticity than has hitherto been produced. Sach 
erode argaments as I am able to furnish must not by any 
means be considered as the result of a strict or lengthened 
inquiry, but are rather intended to show that the question is 
well worthy of much greater attention than has yet oeen paid 
to it. 

M. Libri was the first who coi\)ectmned that this passage 
might be an interpolation, and with some justice; for it may 
be reasonably asked, why does not Boetius allude to the new 
system in his treatise on arithmetic. Af^ain, from the abacal 
system employed in that treatise, I should be inclined to think 
that tlie ariiculntt uiul comj)osite divisions were certainly not 
introtiuced uinil nttei- that period. 

In the library ol Ti inity College, Cambridge, liierc a 
very beautiful quarto MS. the eleventh century on vellum, 
containmg the treatise of ooetius de Geometria pl^tifully il- 
lustrated with neat diagrams* This manuscript, one of the 
most ancient in this country, does not contain the disputed 
passage. M. Libri has challenged me to produce such an 
evidence; accipe si tns-^the manuscript may be found under 
the press mark R. xv* 14, and is briefly mentioned at p. 9d 
of Bernard's Catalogue, No. 491. 

It would, perhaps, be scarcely fair to make its extreine sin- 
gularity an argumetU a£:;iinst its nuthenticity, but wc may 
be permitted to argue on the probability or improbability of 
sucn a passage beiiig written at so eai i^ a period. Is it likely, 
that at a time when the aritlimetic of the West was a mere 
geometrical adaj)UUioii oi' quantity, when Boetius himself re- 
cognised the Koman abacal system, and when it required no 
inconsiderable depth of foresight to appreciate the advantage 
of an arbitrary system of digital characters, that Boetius 
would have inserted so extended an innovation in a treatise 
written expressly on a science that has no immediate relation 
with that into which the improvement was introduced? At 
any rate it is a fair subject for discussion, whether we could 
reasonably suppose any writer fully acquainted with the merits 

* Commanietted by the Author. 
f3mptii7 of tlic present Volttllie« 

£2 
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of both systems and giving superior attention to the worsty if 
written previously; ami if otherwise, why is no referenoe 

made to the treatise conducted with the common Roman no- 
tation? These considerations are almost sufficient of them- 
selves to throw a doubt on its genuineness, although we must 
wait for the discovery of more direct evidence before any de- 
finite conclusion is broached. I know not what the torth- 
coniing work of M. Chasles may contain, but every one in- 
terested in iliesc matters must be well aware how greatly we 
are indebted to that able writer, and will readily leave the 
discussion of this point in his hands. 



I X. On the colmrcd Films p odjiced by EledrO'chcmical Jgency 
and by Heat, By R. Warington» Es^i,* 

nPHE following nnper is intended as an answer to ameinoirof 

^ the late Prof. Nobili on this subject, the translation of which 
appeared in the first volume of the Scientific Memoirs^ p. 94» 
under the title of a " Memoir on colours in general, and par^ 

ticularly on a new chromadc scale deduced from metallo- 
chromy for scientific and prnctlcnl purposes." As this paper 
contains a great detail of matter ( n the physical characters and 
properties of colours and coloured lihns, and as it is only with 
respect to the chemical part of the subject that I propose 
treating it, it will be necessary to extract such sentences as 
refer mure iiiimedialely lo tlie (]ue:5Uons at issue. 1 should 
not have ventured to attack a memoir coming from so 
high an authority as Professor Nobili, but from its having as 
yet elicited very little notice, and the views taken being so 
startling to the chemist and so perfectly original, I am in- 
duced to offer some practical experimental remarks on the 
subject. The memoir naturally resolves itself into two distinct 
subjects; namely, the nature of the coloured films produced 
through the medium of electro-chemical agency; and secondly, 
those produced by means of heat; these it is my intention to 
treat of separately and distinctly in their (nxk r. 

Professor Nobili dates his discovcvy of tiie electro-chemical 
appearances as far back as the year 182(>, and the account of 
them was laid before the French Institnii in November 1828, 
and by their advice the distinctive ap|)eiIatiori of metallo- 
chromy was adopted. The method bv which these appear* 
ances are produced is thus described, p. 94 : A place of 
platina is laid horizontally at the bottom of a vessel made of 
glass or china. A platina point is vertically suspended over 

* Comumnicated by the Author* 
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this io focli a manner that the distanoe between the point and 
the plate nay be about half a line. A solution of acetate of 
lead i» next poured into the vessel, so as not only to cover the 
pjale^ but to rise two or three lines higher than the point. 
The plate and the point are now brought into communica- 
tion, the former with the positive and the latter with the ne- 
gative pole of an electric pile. At the moment when the 
voltnic circuit is closed, a scries of rings similar to those 
formed at the centre of the Newtonian lenses is to be seen on 
the surface of the plate precisely under the point." The same 
process 1ms been adopted to produce the films, the investiga- 
tion of vvliich will be detailed in an after part ol this paper. 
The voltaic powers consisted of two small batteries, con- 
structed Oil ilie principles of Professor DauicU's, and tlie ci- 
ieots were produced in small platina dishes or capsules for the 
convenience of investifi^ation. We mast now pass on to an- 
other part of Professor rfobilPs memoir^ in order to collect the 
iiwto and theur explanation. At p. 106» we find, The ap- 
peamnces which constitute the chromatic scale are due to the 
electro-negative demttits of the solution (oxygen and acid)^ 
which beUDg tiansferred by the current to the positive pole, 
are then spread out into thin transparent fihnsy from which 
all the colours of the scale arise. The electro-positive ele- 
ments (such as hydrogen and the metallic bases) are, on the 
contrary, transferred to the negative pole, and then deposited 
in layers which never produce the colours of thin plates." 
Again, at page 109, Professor Nobili adds, " 1 will not under- 
take to say by what species of affinity or Ibrce it is that tlic so 
elements" (oxygen and acid ) are attracted to each other 
and spread out into thin films on the platina. It is certain 
Jiowever, that they attach themselves to the ))hitin:i Nvithoot 
oxidizing it in ilic slightest degree. We must not su])pose 
that this happens because platina is a metal difficult to be 
oxidized. Iron and steel belong to the class of metals most 
easily oxidised^ and yet it is well known that they will bear 
to be covered with electro-negative layers without becoming 
rusted. ^ My electro-chemicaT experiments^ moltipljed and 
varied In a tho u sand ways» leave no room for reasonable 
doobt on this pomt: they show that oxygen and certain acids 
may adhere to the surface of metals without producing the 
al^test chemical change in them. This is a novel state 
fat osyfgsa and the acids, and is distinguished from their 
ordinary combination by the three following peculiarities: 
1st, the metal retains, beneath the deposited layer, its natural 
brilliancy; Sndly, this layer produces the phasuomenou of the 
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coloured rings in all its beauty ; Srdlyi initwid of oxidizing 
the metal, tliese electro-negative elements contribute to se- 
cure it ar^ainst oxidation in every part to which they are ap- 
plied. A fact so unprecedented is interesting to chemistry, 
and is entitled to particular attention, as tending to enrich 
the science by the ijiUodiiction of new ideas." 

In a foot-note the foiiownig theory is uilcred, that the 
electro-negative elements disposed in thin layers on the surface 
of the metals are at too great a distance from the uioiecules of 
lliese substances to enter into combination with them." These 
extreotSy although of no great length, will ^et put the reader 
in possession dearly of Profiessor Nol^i's views of the subject, 
and enable him to appreciate the bearing of the followhig ex- 
periments* 

The unprecedented fact" then*' so interesting to chemistry*' 
is entitled to particular attention^ as it tends to enrich the sci- 
ence, and introduce new ideas. What is this fact? it is the 
production of coloured fi\ms nt the positive pole (the poles 
bi iiiL; ofi^latina) of an electric circuit, the connecting medium 
beiiiL,^ a solution of acetate of lead, i liese coloured films, Pro- 
fessor Nobili states, consist of oxygen and acid precijiilated, 
as it were, upon the surface of platina, iron, or steel, without 
producing any oxidation of tliese metals, and the correctness 
of which statement the multiplicity of the experiments, he 
Btates, places beyond a reasonable aoubu 

Some of these splendidly coloured films, produced as stated 
befbrsi were well washed with distilled water and acted ppon 
by dilute nitric acid» which did not remove diem, but ap- 
peared to diiutC) as it seemed, the intensitjr and brilliancv of 
the colours i the solution was decanted and evaporated to dry* 
nees to remove all excess of acidy and on being tested save 
indications of lead. Muriatic acid instantly destroyed all 
trace of tlie coloured films with evolution of clilorine p^ns and 
the formation of a curdy or crystalline chloride ut lead. 
Another experiment was made by heating the films to red- 
ness and then acting upon them by dilute nitric or acetic 
acid, which dissolved them rapidly and yielded the usual in- 
dications of the pre&ence of that metal. It would appear from 
these experiments that these electro-chemical appearances are 
therefore nothing more than extremely thin films of peiw 
oxide of lead or of red lead spread out on the surface of the 
platina, but from their great tenuitv it is likely that they may 
modify in a degree the action of the acids used. I may bo 
allowed to remark here, that if the voltaic arrangement is too 
powerful) or the solution of acetata of lead too stroi^ when 
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tiw poUi m bnnulil into too dom ptonnat^ bfown osddo 
of l«Md is ibrowD down in a powdery form. Nam it is ft well* 
known fret» which nisjr be found in almost every work on 
chemistryt ibat pemideof lead is precipitated from solutions 
of that metnl by means of a fcdtaic current, platina forming 
the poles It is much to be regretted that Professor Nobilt 
did not during the long period of his experiments pnl this 
matter to the test of chemical investigation. 

The cii ciiiiistancc of lead in a hiHi stnrrc of oxidation 
being deposited in aggregated hlms ai ihu positive poJe of a 
voltaic circuit, will bear out an observation of Prof Schoen- 
bein, made at tlie ia^l inL^ctiug ul the Briiiijli A^bociarion at 
Birmingham, liiat lie believed that peroxide of hydrogen was 
sometimes formeci during the decomposition of water, for that 
the volume ut iiydrogen gas eliminated was often more than 
dcmble that of the oxyeeo. It will also a&rd a leaaon why 
iion liioald asmma the ui«rt or inacttte slato in vohaw mn* 
binatioos particularly in an wpmamt eshiliited by Pnifi 
SsfaoBobeiny of heating one aictreiBU^ of an iron wire so that 
it was ixnrered with a ooating of caua^ in tlie ibrm of a eo* 
loured film, and thus beoooiing inacthre^ while the end which 
had not lieen subnltted to a sunUar operation was attacked 
with eoaiigy* 

We now pass on to the eonsideration of the seecmd division 
of our subject, the nature of the coloured films produced on 

the surface of metala by means of heat. This is n part of 
the subject more Ihmiliar to all panics, whether scientific or 
not, for every one must have noticed the beautiful colours 
produced on tlie polished s.eel bars of an ordinary stove, or 
oil the surface of a cc)}^))ei tea-keille. In the arts its applies 
tions are numerous utid iiiglily interesting, and the proc^ses 
of tenipunng steel, the forniaLioa oi the beautiful bronzing 
powders, of rose copper, and a variety of others, are too well 
known already to need anything more than a slight allusion 

to tlMBU 

Before entering on the analysis of ^ snbjeet I most put 
yaa in possession^ as briefly as possible^ of Profcsior NobuiTs 
views of the qoestloo* At p» 106» he stalss^ ^ Am to these c»» 
ionn^ the most generally received opinion is, that they d^ 
pend on* prinei|^ of oxidation. Beraeliuscalletlienietellie 

* I was not aware until the morning of the day on which this paper ww 
read hoibre the MatbrmaticM! Society, that tliis matter hrui been inveeri- 
gateii bjf Prof. Schoeubcmy and published by him in the MiUivUte^uc Uui* 
verteOe for May, 1837, and fhit thli investigation htd tuceeedacl a bint to 
that effect from Profcsgor Faraday, in volume x. of the Lond. and ^in* 
PlwtowphioalMi»ifortfahiiitortoo 
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layer which is thus ookmred ft mboMe/* In a foot-note at 
p. 110, we find, Berzelius was more sensible of the difl^ 
culty," (of ftceounting for these ookmred films) perhqie, 

than any one else : but would not an open avowal have been 
better than the attempt to evade it by the adoption of the 
term suboxide^ which is quite ns vague and undefined as the 
priiiciplc of oxidation^ for whicli it was offered as « substitute?" 
This is rather strong hmgnage to be used against such an au- 
thority as Berzelius, every one of whose statements is backed 
by investigation, and brought by Prof. Nobili, wlio does not 
adduce a single experiment in proof of his statements. But 
to proceed : '* 1 have always entertained some doubts ns to 
tilO oorrectness of this explanation ; because each degree of 
oxidation has a colour peculiar to itself, and in no way re« 
]«tod to that wiaty of tints of which we speak. I was also 
struck by the wdMmown practice of giying steel a violet eoloiir 
in order to seam it from rust." Were this tint, as it is pre- 
snmed to be^ the efiect of oniation» it woidd, in my opinkm> 
instead of preventing, serve only to aocelevRte oxidation/' 

But this is not all ; the superficial colours of which we speak 
are changeable, and belong evidently to the saaie dass as 
those piodnced by thin partes. Now the pure metals are> 
from their opacity, incapable of this species of coloration. 
Can they acquire that capacity in their first degree of oxida- 
tion by becoming suddenly transparent in consequence of their 
iniion with a small quantity of oxygen? The hypothesis far 
exceeds the bounds of probability, and the pha^nomenon rc- 
fjuires to be otherwise explained." Again, " Confining my- 
self in this place to the colours produced on metals by the 
action of fire, I do not hesitate to say, that I think their 
origin now placed beyond the reach of doubt. It may be 
safely laid down as a general proposition, that the oxygen of 
the atmosphere produces them, not, as is supposed, b^^ oxi* 
diaing the surfiioe of the molal» bat by becommg fixed in the 
form of a thin plate or fihn, sunilar to those <m the electn^ 
chemical appearances.'' Proifessor Nobili then ^ives a detail 
of the proauctioii of the eoloun by heat, and c^serves, that 
as long as the colours are seen there is no oxidation, but that 
when the metal loses its brilliancy and lustre it has beooaao 
oxidized, and that if removed from the heating medium be- 
fore this effect takes place^ the oxygen will cover the metal 
and adhere as a varnish. 

In Berzelius's System of Chemistry, under the heads of the 
various metals and the action of heat upon them, he states 
distinctly, that co})per, lead, and tin form protoxides, and that 
palladium forms a suboxide ; so that out of four metals wiiich 
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produce coloured films by heat, only one is stated to form a 
suboxide. The next ]>oint Is, that each degree of oxidation 
•produces colours pcciiliiu to itself; this is oii'ered as a reason 
for doubting the ir.ciplL' of oxidation. No person will ima- 
gine that each tint on the surface oi the nielal is owing to a 
different oxide, but thai it arises, ns experiment proves, from 
the films ol the oxide being of various thicknesses, and that 
the hui iace of the bright metal below reflects the light ih rough 
the film, as is the case, with ilie oxide oi lead produced by 
the electro-chemical lu^encv ; and that the brighter the metallic 
avrfim tlw move vivid and brilliant are the coloarsprodiicad. 
Wiib respect to the preterviog power of a film or oxide on 
the surface of the metali it is well known; and the principle 
OD which it acts is the exdusion of moisture and carbonic 
actd from contact with that surface** The next point is the 
cspadtj of metals to become transparent when united with 
oxygeUf and here I think the evidence is satisfactory indeed. 
Copper* tin, antimony* titanium* cincy and iron all occur in 
the mineral form tsansparent or translucent on the edges, and 
this in mass : of coarse, if reduced to thin films* such as are 
produced by heat, they would be perfectly so. 

The same beautiiul di^jilav of colours on the surface of 
metals may be produced by iodine: the manner in which I 
have Ibrmed these is simply to place a very small piece of 
iodine on the centre of a disc of nietaJ, — co} [)( r or silver suc- 
ceeds extremely well, — and cover the surface with a Hat dish, 
so as to prevent the vapour of iodine from being dissipated : the 
circles of coloured film^ are very distinct and brilliant. The 
application of the thinnest or pale yellow of these films oo 
filver bv M. Daguerre, to the production of his pictures* is 
DOW well known. Sulphur and the application of heat pro- 
dnoe simihu* efltes. The process of oxidation by heat, and 
tho disai^fMarance of the metallic lustre, which Prof. Nobili 
attempts to use as an argument, are accounted for very simply 
thus ; that the application of the heat being continued* the 
film of oxide gradually becomes thicicer,until at last it becomes 
opake; but in the course of my experiments 1 have had these 
cx>loured films peel off from the surface of the metal with all 
their transparency and all their beautiful tints unimpaired. 
The same eiiect has taken place, by long-continued electro- 
chemical action* with the oxide oflead. 

* M. Zum^eio, io August 1820, fixed a polished iron cross on tlie ' - 
summit of Monte Rosa, in the Alps; and on again visiting it in 1821, it wa§ 

found neither rusted nor corrtided, hut h:ul inen-ly :u jtiired ;i tarir.sh of 
the colour of broase^ owing to the extfeaio UryncM of the air at that eie* 
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While arguing at page 110 against the probability of the 
principle of oxidation, Prof. Nobili observes that the violet 
tint on steel, does not, perhaps, consist solely of oxygen, as 
it does when the metals are pure. Steel is a carburet of iron^ 
and the oxygen of the air on being precipitated on this com- 
ponnd, becoming combined with the carbon, in some manner 
or otlier might torm the laj^er in question." Now this is a 
most extraordinary statement. Alter arguing so long and so 
energetically against all thoughts of the oxygen uniting with 
the metallic sui lace, it is iicre hinted that, in some manner or 
other, the oxygen will take the carbon awa^^ from the ii on, 
with which it was in combination, unite with it, and form, not 
a film of oxygen, but of carbon and that element, I suppose 
carbonic oxide or carbonic acid ; and yet the theory advan«^ 
as an explanation for these phienomena, supposes that the 
electro-negative elements disposed in thin layers are at too 
great a distance from the molecules of the metal to enter Into 
combination with them. 'These statements surely are contra- 
dictory. Allusion is made to the iridescent surface of the 
sj)e( ii1ar iron ore, and the)' arc successfully iinitnted hv elocfro- 
chemiiiil means as given in tlie lirst part ot tliis paper, but it 
must be borne in mind, that by this means lead in a high stage 
of oxidaiion is produced^ and not a iilm or films of oxygen 
alone. 

To sum up the whole of this suliject in a few words, then, 
it appears: Ist, that the appearances called electro-chemical 
are not films of oxygen and acidi but lead in a high stage of 
oxidation thrown down on the surface of the metal by means 
of a voltaic combination acting through a medium formed by 
a solution of acetate of lead ; Sndly, that these colours owe 
their varied tints to the varying thickness of the precipitated 
film, and that the light is reflected through them from the 
polished metallic surface below; Srdly, that the colours pro- 
duced on the surface of metals by the application of heat are 
owing to the formation of thin films of oxide of the metal in 
con'^ecjuence oi exposure to the air during the process; that 
this does not involve the necessity of any one oxide being al- 
ways formed, as this must vary accortling to the affinity of 
the metal used for oxygen, under the influence of a raised 
temperature ; 4thly, that the opacity of the metal is not in 
the slightest degree an ai*gument against the transparency of 
the oxide, as we have both in nature and art numerous cases 
which place this question beyond a doubt ; 5thly» that we can 
produce analogous appearances by substituting other elements 
n>r oxygen, such as iodine» chlorine^ bromine^ sulphurt phos* 
phorus, carbon, &c. 
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X. On the Geology of Devon and Cornwailj ivith reference lo 
a paper read b^ore the Geological Society on December 4M, 
18S9. By the Rev, D. Williams, ROiS. 

To the Editors of the Philosophical Magazine and JuurnaL 

Gentlemen', 

A S I do not consider liic substuiice and s[)irit of my pap^r 
on Devon and Corn wall, which was read at the meeting 
of the Geological Society on the 4th inst. is fairly reporteu 
m the AtlieiiiL'um of the 7th, 1 request yuu wili favour iue 
with an opportunity of ri^luing myself with your readers, and 
of reporting progress since my communioetioii which was 
published in yoarlasi October Journal (vol. xv« p. S9d)« I feel 
assured that I am not intentionally misrepresenCad In the Atli»- 
nseum ; the abstract however imputes to me (as I hastily read 
it before I left London) that I hold mineral characters to be 
everything and organic evidences nothing, in determining the 
relative ages of strata. Now it was very distinctly read by the 
Secretary, Mr. Darwin, that I did not consider the law pro- 
posed by Dr. Srnkh to be of any %*alue in cla<!S!f;.'!ng the 
rocks of the earth in remote localities, if it did not suppose a 
final and universal extinction of genera and species; and m 
as much as some plants and animals would probably be en- 
abled by the Creator to survive mutation^ which would be 
death to others, I considered that a classiIicaLion of the 
older rocks shuuki be regulated by mmn per-centage test, 
such as Mr. Lyell had applied to the tertiuries, rather than 
bv a more restricted rule. I quote from memoi y, not bei^g 
able to refer to either the Athemnum or to my paper* I stated 
that I unequivocally believed in the extinction of genera and 
species, severally at distant epochs, and therefore did not be- 
lieve that the Posidonia and Goniatite, which I diaeovered in 
some trashy lentiform limestones in Devonshire, were specially 
created for the mountain limestone alonci wlien 1 knew it 
could be proved to demonstration, that those Posidonia lime- 
stones ot Devon, and all their associated rocks, not only bore 
no lithological resemblance lu any of the mineral tv})Ls of any 
portion ot the great English coal-iield, but that tlu > uuder- 
laid the coral limestones of South Devon, and the whole of 
the slates of Cui nwall. I exhibited beciioui^ uviUeiicing the ac- 
tual bupraposition oi ihe Cornish killus on the Auriferous 
series. No. 9, and the Coddon grit^ No. 8, and I pointed out 
the localities. In all feurness then it remains for gentlemen 
to disprove those factib instead of rei^uiring me to snow what 
I believe to be an impoasibilitjyf vis. tM identity of the 
plants I found in the gfeat florimnMis outlier on themdi cod 
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south-west of Callingtoii, with tliose which liad been pro- 
cured from the fine cuhn shales near Bideford. i believe it 
to be an impossibihty, on account of the same coarseness of 
the niatiix. in the great outlier, as exists everywhere, that I 
have seen, in the rocks of the floiilejous seiies generally, 
where I have never met with clearly defined specimens, ex- 
cept in the finer cnlm-shales just mentioned. All I am pre- 

Cred to prove then i8» that abont St. Mellion and Pillaton, 
tween QUlington and Plymouth, pkmU in the same imper- 
fect condition are Jbund in precisely the same slates and 
skakSf vnAM are parted by thick beds ef the same sandstone^ 
and in intimate association with that singutar^f characterized 
and unique formation the Coddon Hill grit ; there is the same 
trifle association qf the same rocks, and in the same order of 
sticression, that we witness in the base line of the floriferous 
series along the north and south borders of the trough, and 
where on cnrth could they coirie from if not from tne same 
sources which supplied the constituents of the snme rocks 
elsewhere in the same county? The only deviation on the 
JS. and S.W. of Calliui^ton from the normal types of the flo- 
riferous series elsewhoio, is frequent intercalations in it of 
undoubted killas, ami beds of a composite or neutral charac- 
ter, constitute:! of moieties of kilios and Codtlon Hill grit, or 
of killas and floriferous, round the confines of tiic outlier 
seen not only in repeated alternation, but in other instances, 
their wedge^haped extremities inleilocking into each oUier 
like the teeth of a rat-gin. Here^ as elsewhere along the con- 
fines of these two vast formations, Nos. 9 and 10, whether 
we advance towards the floriferous area on the one hand, or 
towards the killas on the otlier, we distincdy observe the one 
becoming thinner and evanescent as the other augments into 
unity and fulness. 

Nature has manifestly conducted her operations of deposi* 
tion and elevation in this region on a vast scale, and if her 
works be not regarded in their just proportions, we never 
shall arrive at the truth : thus as wc explore the confines of 
Nos. 9 and 10, we are starded almost at the vastness of the 
ties and adjustments by which they are indissolubly united, 
till we reflect that they are only in a ratio to the magnitude 
and (liinensions of their respective masses; that it is only the 
same trarii>itioii and aiu-nuitioii on a larger scale, that we ob- 
serve throughout Exmoor between the several iiitiiibers from 
No. 2 to No. 9, on a smaller ; for while I hesitate as to the 
diameter of No. 9 ; No. 10^ I repeal^ is upwards of eight 
miles, measnred according to ProlwsQr Play&ir. Thus again, 
if we take a ^oiy^d'anl view of tUs country from oiie channel 
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to the other, we have null i in {t more than one great wave (of 
probably some far exterulcd iiiuhilaUun : consistinrr simply of 
two convex arcs inclosing a central trough, apparently the 
result of the same system of forces acting on a vast floor of 
niaiter, successively and regularly accumulated; either an 
overlying mass, or a Iractured seclion of an original coiitiiiiia- 
tion of the Caiubriaii and Silurian dtpusits; for if we coinpai*e 
the precipitous and vertical cliffs of Nos. 2, 3, 4 and 5, of 
Exrooor (in echetlon arrangement beetlim; over the deep tide 
wmy of Che Bristol CbanneT) with the oarbooiferotui Ume&tone 
and Moondary roclu of the oppoaiie ooaat of Walaii we have 
all the evidences of an enormoos fault* 

But what are tlia results if we compare the positive testi- 
mony afibrded by gmdatioD) altemationi succession^ and oon* 
fermable snj rnposltion, with that afibrded by organic re* 
mains? The Petberwin fossils near Launceston, and those 
of the coral limestones of South Deiwn, I include without 
doubt or hesitation in a lower horisBoni or subdivision of the 
floriferous series, No. 9, above the Posidonia limestones ; so 
that if we suppose the ratio of extinction of vegetable species 
not to have been governed by the causes which effected that 
of marine zoophyta and Lc^hicea, the exceptions afforded by 
the Posidonia limestones are but as dust in the hahmce of or- 
ganic evidence ; and in this respect alone, geologists will in- 
volve themselves in inextricable difficulties and contratlit tions, 
if they reject tht; iiiaxiuiuni and rely on the ininiiiiuin aniouut 
of organic evidencCi I repeat the fiict, tlmt the lower flori- 
ferous) and Coddon Hill grit series are overlaid in the south 
by the slates of Gomwall» whieh oomprlse in their aioending 
terms, first, the 8t. Germans, and lastly, the Flymoiith linso* 
•tones; eo that it appears to mt^ that the great eonsaentive 
series from Nob % to 10, evidences a transition of ofgantc type» 
in progress, as it were, from the grauwack^ Unaards the car> 
bonilerDiis limestone; that the latter, or its coal-field, is not 
represented here at all, but that the coarse slaty and red 
arenaceous beds which overlie the Plymoiitfa limestones, ex« 
tending thence to Rame Head on the south , probably do ap- 
pertain to the early period of the Old Ked Sandstone pro* 
per. 

The relations of the floriferous, No. 9, to the coral lime- 
stones, and killns-. No. 10, are explained with the greatest 
clearness and simplicity at and around Chudleigh ; to aid my 
brief description I rcler yoiii readers to the accurate and 
faithful sections of Mr. l)c la Bcche. (See Report, Plate IV. 
fig. 7 and 8). But why that able observer should assign n 
di^erent position to the many other groups of coral limestoue 
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of South Dcvon» is to me unaccouniable, because they are all 
maiHltbLij of the same njre and order with the Chudleigh 
limestones, viewed straLigiaphically» /uologicallvj or niine- 
ralofficoHy, aud are seen under preci^sely the same associations! 
for 1 do not remember a single exception to the fact of the 
floriferot»i Coddon grit, and xillas, being eitlier ioterstratified 
withy or underlying and overlying them : so that nothing can 
be predicated of the Chndleigbi that' mmy not eqoally be 
affirmed of the coral limaitonea everywhere, if the parallel 
ridges immediately north and south of Chudleigh be the 
same florilerous» No. 9, and to doubt it is to doubt tho 
pldnest evidence of the : the controversy is at an endf 

for we trace them here continuously, from the culm*field ; 
and I ask any fair and indifferent geologist merely to com- 
pare the rocks on the right bank of the Teign iiL ;n Chudleigh- 
bridge, with those on the left, where a cutting lor the road to 
Newton affords a "ood section of the weit extremitv of the 
Ugbrook ritlge ; and if he does nui pronounce their perfect 
identity, ihc same didl oiive-cujourcd saiul^Lunes parted by 
tlie same black shales, I will no longer advoaite what 1 know 
to bo the trutby and allow error to maintain the ascendant. 
No one donbts that chalk is chalkj or oolite oolite^ or lias Ua% 
elsewhere I The Chudleigh reef of Hroestonesi which is lost 
under HaldoQ to the eastwardi and cuts out near the Teign 
to the west} is a great alternation between the two floriferooa 
ridges just mentioned^ the three sequents dipping together at 
•bout the same angle to the south; while a careful examina- 
tion of the coral limestones shows them to be based here im- 
mediately upon thick black culmy beds, and higher up to be 
parted by Cornish kiilas, beds of Coddon llill grit and vol- 
canic ash, with pif/nfs. The Creator has been so explicit 
here, ihut i)is wori\s c annot be misinterpreted, if the laws re- 
corded on these tables oi stone be read witliout prejudice or 
control. 

On discovering in the month of May last, a I Doddiscouib 
Leigh, five miles north of Chudleigh, the Posidonia limc- 
•tmiee(aa evwywhere elseX included in the Coddon Hill grit% 
and together constituting the anticlinal aiis of the south boiw 
der of the trough to the east of Dartmoor (thus manifestly 
underlying the Chudleigh series^ a kst confirmed by good 
cuttings and natural sections along the west bank ot the 
Te%n} the scales fell from my eyes— every diiliculty and ap« 
parent anomaly vanished as il* by magic, and the structure of 
the entire region, from one channel to the other, was pre- 
sented to my mind's eye in all the grniideur of its simplicity ; 

from f iymottth to Lintoa it was a simple scries of successive 
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emer^^ence. A thousand embarrassing facts on the west of 
Dartmoor, and elsewhere, at once were reconciled, and tlie 
rocks appeared before me, like a cloud of witnesses, to testify 
that the floriferous series was overlaid by the Cornisii 
killas, and requiring me, as it were, to restore each to his 
rightful throne. 

My long section exhibited at the Geological Society did 
not perhaps show the south anticlinal axb sufficieutly pro- 
minent or distinct, for I see by my maps that the Ooddon 
Hill grit, commonly dipping sou^ occupies nearly two miles 
of country from north to south ; and that at and about Dod- 
discomb Leigh, it is in the same parallel with the great line 
of fracture on the W. of Dartmoor which ranges by Laun-* 
ceston to Bos-Castle ; and that this line continued through 
Dartmoor will intersect it at Amicomb Hill, between Fur- 
Tor and Yes-Tor, which Mr. MacLauchlan has determined 
to be the highest points of elevation in the West of I'.nirhind. 
Any omission in my section, however, I request may be im- 
puted to niy deficiency in tact in getting up a section, and 
not to any imperleclion in the evidences afforded by tlie couii- 
try; but in reply to the objection niged by Mr. Murchison, 
I may state, that the Posidonia limestones being only insulated 
patches in the Coddon Hill grit, and therefore part and parcel 
of the mineralogical axis, are quite as likely, in the southern 
fidl, to dip away from the trough, as to dip into it; my sec- 
tion, however, |^ives tlie floriferous rocks as the most promi- 
nent of the anticlinal, which I still think is very near the 
truth, and may be explained by supposing them to arch over 
the subordinate Coddon Hill grits ; or still better by the fact, 
that in the N. of Devon the Coddon grits are divided into an 
upper and lower, b\' great wedge-shaped masses of the tlori- 
ierous rising into prominent hills, viz. south of Barnstaple, 
and north of Bampton, so that the lower range of these grits 
may not be exposed here at all. 

AH I have to say funiici is, that since the day I picked up 
tlie master-key ut Chudleigh and Doddiscomb Leigh, 1 have 
not met with the least difficulty or embarrassment; nor do I 
anticipate anything hereafter but additional confirmation, from 
the conviction that nature will not be^ as she has not been, 
permitted to deny herself ; and I again earnestly invite Prof. 
Sedgwick and Mr. Murchison, or Mr« Weaver, to review the 
county; for after all, there are no gendemen to whom I would 
sooner refer this question than to themselves. 

I have the hononr to remain. Gentlemen, &c. 
Uleaaon, near Cross, Dec. Kith, im D« WiLLlAMS. 
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XI. NoHcis respecting New Books. 

A Treatise on Crystallography » by IF. H, Miller, F.R.S., Professor 
of MiMeralogy im ike Vkwenity of CamMdge, 

IT is well known to those who hare attended to the subject of cry- 
stallography , that the danificatioa of crystalfioe formfl introduced 
by Hauy, as well as the methods of esfMresaiig tiiese fbfins and of cal- 
culating their relations, have been in a great measure superseded by 

other modes of treating the subject. The distinction nf <fyffcms of 
crystallization proposed by Weiss and Mohs has been geiiemily ac- 
cepted among crystaUographers ; and the angles made by faces, 
edges, and the like, instead of being deduced by means of geome- 
trical reasoning, have been obtained by the more general methods of 
spherical trigonometry and analytical geometry. Weiss, may be 
Looked upon as the person who first introduced this more general 
m ode of calculation ; and he lin* been followed by G. Rose, KupfFer, 
Kohier, Naumann, Neumann, (Ti ;t---iu um, Hcssel, and others, in Ger- 
many, and by Mr. Levy, Air. Brooke, and Mr.|WlieweU in England. 
Alon^ with these different modes of calculation, diffeient modes of 
notation for crystalline forms have also been employed. The old 
unsystematic notation of Haiiy has been modified and retained by 
Mr. Brooke, Mr. Levy, and Mr. Phillips in Eni2;ldnd, and by several 
French writers ; while Professors Mohs and Weiss have each iutro* 
duced his own method of notation. 

'llie notation o( Mohs, in itself most superduou^ly cumbrous and 
unsymmetrical, has been made the basis of a much improved system 
of notation by Prof. Naumann ; and the symbols of Weiss, which 
are really the most general, and depend upon a single convention, 
have been somewhat simplificrl hy ^Ir. Whcwell. In this state of 
the subject, we tuni with groat interest to the treatise of Professor 
Miller, who from hi.-^ familiarity with analysis is able to give to cry- 
stallographicul methods all the generality and simplicity of the 
best school of mathematics, and who likewise, from his acquaint* 
ance with special minerals, is not likely to fiiil in famishing abun- 
dant exemplifications of his general methods. We may state in Pro- 
fessor Miller's own word'» tlie selection which he has made of a 
notation und mode of calculation. " The rrystallographic notation 
adopted in the following treatise iis taken, with a few unimportant 
alterations, from Professor Whewell's memoir on a general method 
of calculating the angles of crystals, printed in the Tkansactions of 
the Royal Society for 1825. The method of indicating the posi- 
tions of the faces of a crj'stal by the points in which the radii drawn 
per]7endicular to the faros meet the surface of a sphere, was invented 
by Prof. Neumann of Konigsberg {beitritge zur Krystallonomie), and 
afterwards, together with the notation, re-iuvented independently by 
Oraasmann (Zar KrjfHdUmimmie md geometrUchen VombuiaiUmB' 
lekre). The use of this method led to the substitution of spherical 
trigonometry for the processes of solid and analytical geometry in 
deducing expressions for determining the ]>ositioas of the faces of 

PkiL Mag* S. 3. Vol 16. No. lod J<m. imi, F 
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crystals and the aagles tkey make with each other. The expressions 
which in this treatise have thus been obtained are remarkable for 
their eymmetry and nmplicity, and are all adapted to logarithmic 
computatioii. They are, it ia believed, for the moat part new/' 

It is not possible for us to give any detailed account of Professor 
Miller's methods ; but we may observe that each face of a crystal 
is determined by the ])ortion8 cut off from the three axes of the cry- 
stal, and is expressed by a symbol k I) in which the indices de- 
pend upon these portions. When several oontiguoua iaces have 
their intersections parallel, thev may be considered as belonging to a 
zone ; and this zone is indicated by its symbol [u v w] . Some of the 
simplest methods of determining the law of derivation of a proposed 
face consist in referring it to such zones. TIius if we have, given, 
the symbols of two zones [p q r], [u v wl. the .symbol of the face 
common to the two zones (A k I) is known hoju the equations 

A = V r ~ w q, A = w p — u r, i = u q — vp. 

The mathematical student of crystallography cannot fail to be 
delighted with the completeness and symmetry with which, in Pro- 
fessor Miller's Treatise, formulae of this kind are obtained for each 
, syatcm of cr)'stallizatioD ; and with the great and instructive vui icty 
of examples to which they are applied. It will be found, by atten- 
tion to uiese examples, tb^t the methods employed in this vroxk are 
not only, analytically speaking, the most general and symmetrical, 
but also practically the mo&t compendious and convenient for the 
determination of tJie laws of derivation of any proposed form. 

We cannot help thinkinir, however, which we do with regret, 
that this book, mathematically .«o admirable, will be a sealed book 
to a large body of crystallographical students. It is written with a 
rigorous brevity, worthy of the ancient mathematicians ; a quality, 
in itself, doubtless, a beMity» but one of those stern beauties which 
repel, rather than attract, common beholders. There is not a single 
phraie in which the author shows any sympathy for those of his 
readers who have not been disciplined in mathematics to the exttikt 
which his iuvc^ligaUuua require. Aud this requisite discipline is, 
in truth, not slight ; for though the knowledge which he presup* 
poses in his reader does not go beyond the doctrines of spherical 
trigonometry, no one can follow Prof. I^Illler's reasonings with any 
facility, except his habits of mathematical generalization and abs- 
traction have been well matured. And even the metliod of indi- 
cating the positions of the faces of crystals by their poles upon a 
gphiere of projection, although it much simplifies the calculation, ob* 
scares our conception of the relations of the crystalline form ; at 
least it does this w hen we are first caUed upon to employ the me« 
thod, and before it is become familiar to us. This, however, is an 
inconvenience attendant uj«on most simplifications of physical pro- 
1)leras, and we speak to regret rather than to blame it in the ])re.^ent 
instance, iiul perhaps we might venture to express a wish that the 
practical rules for the calculation of crysUds had been separated 
horn, the mathematical investigations which contain the demonstre- 
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tions of tl:n rules. If Prof, Miller would detach from these rnnrlie* 
matical reasonings a body of Precepts^ such as might enable die 
ciystallograuher, from proper measurements, to determine the sym- 
bols of me meet ol any proposed crystal, putting these precepts in 
tndi a ftirm that thev should be capable of being employed by any 
person convenant nitii tke pioeeaaea and symbols of algebra, be 
vottld render his iroik vaeftil to a much wider cii^le of oilculators 
than will, we fear, now venture to apply his proce«?e?. Nor would 
this addition to the work at all mar the g^reat mathematical beauty 
of matter and style which all competent judges will allow it to 
possess. 

We eaimot condnde I3iis brief notiee ivithont expressing our eatis- 
feotion, tiiat this anbleet of eryfltallograpby, afler bong put in so many 
lofam fat tiie last half century, has heie aseonied a shape ivbicb« 

so far as mathematical simplicit}' aiid symmetry go, leaves ns no* 
thing to desire* and theralbie no reason for further change. 
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Thfm IVassactioiii km a ehdm upon onr notioe, not only from 

their general scientifle importance, and especially from their con* 
tainmg the labours of several of our best British m&themadcians, 
but also, in the part now before us, from the peculiar and compre- 
hensive interest of the problems to which most of the memoirs re- 
fer. There are ihree great problems which at tlie present time have 
a manifest right to the best exertions which mathematicians of the 
highest daae oan employ in tkvoxa of physical science J and tluB 
claim has reoently been ulowed and noted upon to a great extent 
by tlie most eminent maidiematicians of England, France* Geimany, 
and Italy, These three problems are, the motion of waves in water ; 
the undulations of tlie liutd or fluids by which light, heat, and «i- 
milar phaeuomena are supposed to be produced ; and the molecular 
forces by which the particles of bodies are held together ; and of 
fhese, the two latter ones are doeely connected with each other. 
All the papers in tlie present Fart of tlie Cambridge IVansactions, 
with one exception (the elegant mMBoir of Mr. Holditch on Hollittg 
Carves), refer to these three problems ; which have also been tiie 
subject of sefeiai Snfeetigations in prerioos parts of the lYansae- 
tions. 

On the subject of the first of theiife three problems, the motion of 
waves in water, we have a memoir by Mr. Green, who had in a 
previous memoir solved the problem of the motion of waves in a 
canal of small ewMI!» depth andwidtii ; a ease which we believe had 
not been before successfully attadked by any mathematician. In 
the present memoir Mr. Green employs himself upon two or three 
o^er ca!sc? of the geneml problem, and in particular on the motion 
of wave?* in a dcrp sea. After 9olvin<j; this c?i.-e. lie add.-s, "We shall 
be able to deduce a singulai' consequence which ha» not before been 
noticed, that I am aware of." This consequence is, that any parti- 
dtt of the fluid fevohea eontfaraany, Qie might hare added mtformly^ 



Digitized by Go< 



NoHeei respecting New Books* 



as his expressions show,) in a vertical circular orbit of wliich the 
radius decreases very rapidly as the depth helow the surface increases. 
We may point out to Mr. Chreea tfaiat this condusiou had already 
been virtiiaUy drawn by Laplace in bis Memoir on the Hiles, pnb- 
liabed by the Academy of Sciences in 1775. We may, however* 
observe that this result 1ms acquired a new interest since the ex- 
periraentnl researches of the Webers on this subject, with which it 
is incomplete accordnnco. Mr. Green has in another case (that of 
a canal with a triangular section) compared his theoretical results 
with the experiments of Mr.RaieeU, and finds the agreement much 
more close than that which is given by Mr. Russell's own emphrioal 
formula. 

'Hie constitution and motions of the supposed fluid of light and 
heat form a wider subject of investigation. Ever since it ap})earcd 
by the great discoveries of Young and Fresnel, tliat the hypothesid 
uf tiausverse unciulutions explains with such marvellous exactness 
the most complex phienomena of light, mathemnticianB have been 
endeavouring to demonstrate the mechanism of such undulations, 
and to determine their laws under various circumstances. 

M. CrVK l;y in France, Sir William Hamilton and Prof. Maccullagh 
in Ireland, Prof. Airy, Mr. GrccTi, Mr. Kelland, Mr. Tovey in Eng- 
land, have employed on invt sti^Mtii)u-> of this kind all the higher 
resources of mathematics, hi the vulume now before us, we have, 
bearing on this subject, Mr. Ghreen*8 memoir "On the Laws of the Re- 
flection and Refraction of Light at the common surface of two non- 
cr}'stnllized Media;" and Mr. Earnshaw's " On the Nature of the 
Molecular Forces which rcp-iiliite the Constitution of th(' Inminifc- 
rousyFthcr." Mr. Green explains the peculiar starting-point of his 
researches iu this manner. M. Cauchy had considered tlic lumini- 
ferous sether, smd the bodies which act upon it, as systems of mole- 
cules in which every two particles act upon each other in the diree* 
tion of the straight line which joins tbiem. But this supposition, 
Mr. Green says, seems to involve too narrow a restriction ; for 
man}' phrcnomena. those of crystallization for instance, seem to in- 
dicate certain polarities in the particles, which have never yet been 
shown to be resolvable into direct attraction and repulsion. Hence 
he selects ibr his basis a wider asanmption, which may be expressed 
analytically, and which involves the precarious physical hypothesis 
of M. Cauchy as a jjarticular case. He obtains from this principle 
various result-, and in the first })lacc this ; that in the luminifcrous 
a tlier the velocity of transmi^-^ion of waves prop;itrated bv normal \d- 
])rutions is very great compared with that of ordniary light. Mr. 
Green investigates the inleuaity of the wave* reflected at the com- 
mon surface of two media; and in the case of light polarized in 
the plane of incidence, obtains precisely the values given by Fresnel. 
In the case of light ])olarized perpendicular to the plane of inci-> 
dcnce, it n]>penrs from the present investigations, that the expressions 
giv( II by Frcsncl arc not rigorously true, but are only very near ap- 
proximations. It appears that the intensity of the reflected wave 
ya'iiX never become absolutely null> but only obtmu a miuimum value ; 
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wliicli vnliie, in the case of reflection from water ot the proper angle, 
is XJT part of the intensity of the incident wnve. This minimum 
value increases rapidly us the index oi refraction increases ; and 
thus the quantity of light reflected at the polarizing angle becomes 
eonridemble for higlily fcfmcU ttg sobstaiices; a fact, wlilch has 
been long known to experimental philosophers. 

In Mr. Earnshnv, 's memoir the aethcriiil medium is treated as a 
system of detached particles ; and he is led by hi? investigations 
to various conclusions, of which the nwi important arc, tliat the 
molecular forces which regelate tiie vibrations of the a?ther do 
not vary according to Newton's law of univeisal gravitation, but 
ttmt ttoe forces are npulsiTe, and Tary according to an inrene 
power of the distance greater than two. M. Cauchy, in his "3ft- 
moire sur la Dispertitm de la Lumihre," had inferred from his ana- 
lysis that "in the nciL'hbonrhood of contact, the action of two 
particles is repulsive, and reciprocally proportional to the fourth 
power of the distance." 

Mr. Kelland, in a memoir contained in the previona volume of 
these Transaetions, (vol. vi, Fkurt I. p. 178) had been led by calcu- 
lations founded upon the phenomena of the dispersion of fight, to 
conclude that lihe particles of the tether act on each other with 
forces vrirying inversely rbp !»qnarc of the distance. We shall not 
here pretend to discuss the difference of the results thus obtained 
by these two mathematician?*. But v. e must notice Professor Kel- 
land's memoir " On Molecular Equilibrium," contained in the vo- 
huDie now under oar notioe. In this notice Mr. Kelland puisnes a 
fraitt of speculation somewhat simflar to employed in the last 
century by Dr. Knight, in his " Attempt to explain all the phieno- 
racna of Nature by two principles, attraction and repulsion ;" and 
by Boscorich, in hi«: " Theon,'- of Natural Philosophy reduced to a 
single law of the furct < which exii-t in Nature." Mr. Kelland states 
his assumption as follows : "I purpose to commence my investiga- 
tion by retaiuiDg M. Mosotti's hypothesis of two systems of parti- 
cles*, lepdnvt towards atoms of their own kind, but each respeet- 
vitif attractive towards the atoms of the other. We will call one 
sj'stem of particles calon'r, and the otber matter " Hp thon ndd? the 
other su])positions by which these two elements are distinguished 
from each other; the atoms of caloric arc distributed through 
space, tlie atoms of matter occupy only givcu pobitions. In both the 
densl^ win rvrj from point to point ; but ^e particles of matter 
are snppoaed to be much more widely separated than the particles 
of caloric ; so that a material particle may be considered as a nu- 
cleus about which the particles of caloric arc collected, forming its 
Ht:nosj)here. But Mr. Kelland afterwards determines the conditions 
of equilibrium of a system in which the atoms of caloric are re- 
pulsive of those of matter ; and on the same hypothei^is he deter- 
ninea die mutual action of two partides of matter, together with 
tiie calorie anrrounditt|f them. For tiie general relations between 

* T^>lQr*a Scientific Memoirs, vol. i. p. 4i8j and L. and £. Phil. Mag, 

vou I. p. m* 
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density of caloric, temperature, cohesion, and attraction of finite 
masses, \vhich result from these mvestigations, we must reft;r to the 
memoir itself. 

We shall notice, in the last place, Mr. HolditcVs memoir " On 
Rolling Curves." llie ohject (if this paper is to determine emrvee 
of "^iioh a form thnt, revolving about two centres, one of them muy 
conuuuMicate motion to the other, as in the case of the teetli of 
whccb ; with the condition that the curves, in this communication 
of motion, are to roll upon each ofker without friction. Euler in 
the Acta Petropolitana had deduced the chanusteristic property of 
these curves, but he did not follow out the investigation so as to 
furnish actual forms of cun es ; nor has the method of obtaining 
snrh curves been pointed out by any previous writer, llicy are 
connnonly found by a tentative process ; but Mr. Holditch thought 
it w'ortii while to search for rules and forms for theur construction ; 
and tiiese he has found and given the present memoir. Some of the 
results are very curious and noTel. 

Principles of General and Comparative Physiology, intended as an In- 
trodnction to the Study of Human Physiology, and as a Guide to 
the Philosophical pursuit of Natural History. By William B. 
Caef£NTEr, M.R.C.iS., late President of the Royal Medical and 
Bo^ Physical Societies of Edinburgh, 4c. ^c. With 240 Figures 
on Copper and Wood. London, 1839. 8vo, pp. 480. 
The science of physiology has been too generally considered by 
physical philosophers as beyotMl ihvlv pale. Tlie nature of the 
j)ha:'nonK:na wliich it embrarr-, ami the mode in wliicli it to be 
pursued, have been regarded ua buliiciently distinct to iimiL the cul- 
tivation of it, with few exceptions, to tho&e who make it a part of 
^eir regular professional studies. We cannot but think thi^ such 
a state of things may be advantageously modified. Men of general 
science are constantly invoking the aid of the physiologistt for the 
determination of most important and intricate questions; and too 
often is it found that this aid is unattainable, in consequence of the 
exclusive notions of the latter, wIjo, from his want of truly philoso- 
phical principles, cannot meet the difficulties which he is expected 
to solve ; and, on the other side, physiologists are too often con- 
tent with a smattering of knowledge on physics and chemistiy* 
which is more likely to lead them wrong than right. We do not 
mean to assert tbat there arc not many brie-ht exceptions on both 
sides ; but we maintain that the cause of jjhiiosophy would he 
benefited if tlie barrier which is supposed to exist between the sci- 
ence of vitalitf and that of general physics were broken down, and 
If the cultivators of each were to make themselves acquainted with 
the principles of the other, and with the best mode of pursuing and 
extending both. 

Such appears to have been the o])jectof the author of the volume 
before u«. From the dedication of it to Sir J. Herschel, we infer 
that he has been trained in the school ul piiy^ical science ; and 

throughout the worit we peroehe the influence of tfaoee gnmd prin- 
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ciples of inductive philosophy which have been and still are too 
much neglected hy jjhysiologists. All classes of living beings are 
regarded by him m of equal importance in a &cieutific view, as fur- 
niBhing msi<mce8» by the collectioa and comparison of which general 
km mff b0 <rtifaiiihed> It is tii» pcminrtd Uiat iHuife b oiMem 
In one is fnqoently evident in another; that the life of the ampHe 
zoophyte may eluddate» if properly dbecarred* the varied phseno- 
mena presented by man ; nnd thnt the Anictions of the humblest 
plant may be traced as fundamentally the same, though grndnnlly 
beooffiing more complex, in the ascending scale of the auimal as 
well ee ef the vegetable creation. Such a work, we cannot but 
hope, may oontriboCe to exoito and ihciitrte tbe stndy of physiology 
amonget those who nuke ecience thiir pomiit. We need hardly 
point out, that the connexion between these different branches of 
knowledge is daily hein<j; rendered more intimate, e.^jiecially by the 
researches of the gculugist and of the organic chemist ; the former 
of whom req^uires to know those general laws which govern the 
ooalbfiBelion and diitribotton ctf organised beings, iHiile the latter 
•edce to elooidato tlie my a t a iiea at ntil aotion, )sf moaUStmg the 
extent to which the phykcal propirtiee of natter are concerned in 
it. One of the most interesting examples of the value of such in- 
quiries which has recently come under our notice, is the discovery 
of Ai. PoisseiiiliL , tiiat viscid fluids mav he propelled tlirouu'li ca- 
pillary tubeb Willi liiucli less effort than water or other liuuids of 
aqnaoat ooniiitanoe s and that a lolntion of gnm, gelatin* allNmieo, 
&e. will paai rtadiif tlwough tabes io mall ae to neiit the paaMge 
of water, wfaatem may be the degree of fbroe employed* 

A brief account of the contents of this treatise will serve to dis- 
jilnv it«5 scope and tendency. The author states liimsclf to have 
been led to its pruiiuction by having- •* felt the want of a treatise 
which should give a comprehensive view of the science, embracing 
wiiataver genual principles may be regarded ae innly ettabiialiejU 
and .iUnitrattng them as foUy as eenki be done within asodcrate 
limits, yet without distractuiig the attention by profuseness of de* 
tail." It commences with an introduction, which present? a 
neral account of the peculiarities of organized bodies, the elemeutary 
structure of plants and animals, and an outline view of the chief 
natural groups of Uie^ie kingdoms, intended to facilitate the com* 
IMrdenaion of the strietly physiological portion of tbe woric. The 
first book is defOted to general physiology ; and here we are eon* 
ducted through a profound but lucid investigation into the nature 
nnd causes of vital actions, which we partictilnrly recommend to 
the attention of those who have been accustomed to refer to the 
** vital principle " as an easy solvent for all difficulties. By com- 
paiUMf tbe phaenomena of vital action with those of the inorganle 
world, tbe antbor sluma tbat they »e equally redadUe to geoeial 
laws which result fitm 'tbe propertise witb wbisk natter has bean 
endowed by the Creator. Of these properties some manifest thera- 
selvp^ nnder the simple conditions whiLii the ordinary chnnires in 
the laotffiguis world supply, and tluie perform the. acUons termed 
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chemical and physical ; whilst others can only he called into iilay 
uudcx cuiulitionsof a more complex nature, which are only &up])ii€d 
by a living organixed system, yl^Mxt many parddes being combined 
by a previottsly-ezistittg life into one stroctmre, exhibit actions of a 
peculiar character, dissimilar to any they have beietofoie presented, 
whirli arc dcnommated vital. 

The dependence of life npon external stimuli is then j)olnted out, 
and a great variety ot interesjtmg facfs, many of them novel, are col- 
lected, relative to the influence of heat, ligiit, and electricity upon 
living beings* The general laws whidi have been ascertained to 
govern the structure andaetions of ocganised beings are then enun- 
ciated, and their application illustrated by examples. To pursue 
tiieir aj)plication through the whole range of the animal and vege- 
table kingdoms is the object of the second book, entitled Special 
Physiology. Here each function is considered in detail, iu tlie va- 
rious phases under which it appears in the asceading scale both 
of the vegetable and animal longdoms; Ae fundamental unity 
which prevails throughout is displayed ; and the very extiaordmaiy 
correspondence which existo between the transitory states of dif- 
ferent organs in the em!)rYO condition f>f the hiirher classes of each 
kingdom, and the pcrmiuient forms of the same in the lower, is de- 
monstrated in a striking and satisfactory manner. This part of the 
volume is illustrated by a large number of well-executed figures^ 
whidi greatly aid the oomprehension of the text. 

The author appears to us to have fulfilled liis design in the most 
satisfactory manner ; and as his work has been received with high 
aj)prol>ation by the Medical Press, wc can feel no hesitation in re- 
coniiiKn(hng it to our scientific readers as the one best calculated 
to impart to them a sound knowledge of the principles of physio- 
logy. We may add. that the dearaess of its style, and the simple 
manner in which the highest truths on this deeply-interesting sub- 
ject are presented to the student, rendor it not a useful, but an 
agreeable book to any reader of ordinary intelligence. 



XIL Proceedings of Learned Societies, 

ROYAL ASTRONOMICAL SOCIETY. 

Nor. 8, nj^HE following ronimtinientions wore read : — 
18!>9. A On the Determination oi tlir Orbits of Comets, from 
ObHcrvaiiojis. By G. B. Airy, Esq. Astronomer lioyal. 

The author b^ins by remarking, that the generality given by 
Laplace to the inveatigatioa of the oifoits of comets is so complete, 
and the variations on the method introduced by other writers so 
numerous, that, as regards generality and facility, the suhject may 
probably be considered as rxhansted. The method which is d(»- 
velnpeil in llic prcfiient Memoir profi sses to be merely a modiiiea- 
tion of Laplace s method, directed by considerations of a purely 
pnotod nalnre^ m known to the woridng wrtrononier; but 
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whicli, probably, have not occurred to the flistinpiisheti mathema- 
ticians, who have ialxjared on the theoretical ciitilculti^ of the 
problem. 

Every method,*' the author remaiia) ** which I ha^e yet seen 

requires that tite observed geocentric placet of the comet be reduced 
to longitude and latitude. The plac^ most, honever, in the first 
instance, be nl^ -c- vf d in right ascension and deelination. Now, 
the conversion ot rii^ht ascension and declination into longitudi; and 
latitude is one of the most troublesome uperatioud that communiy 
occQTB. It requirei the use of 7-figure logarithms, and is Ikble to 
enon. An alftentioii in one original or declination, requires a 
eontpiete repetition of the caleualions ; and when all is done, the 
elements of the comet's orbit are obtained as referred to the ecliptic ; 
and, for convenience of enlr iilating predicted plaees, it is generally 
necessary to refer them back, to the cqnator. For these reaH)ns, 
it hits long aince appeared to uie desirable that the orbits should 
be deduced at onee ftom the right asoennons and declinations, 
Snce J htm become familiar with the tostruments used for obser- 
ving coaseCs, an additional reason has suggested itself. It is known 
that on the a*!Sumption of a parab<)lic orbit, the erpntion given by 
three complete observations, or by observations which furnish the 
and decltiiatiuu at u curtain time, and their first and second 
differential coefficients, are one more than are necessary; and, 
therefore) it rests with the eonuMiter to nse his discretion in rgeoU 
ingoBe<^the observaJaonst Now, it oftai happens that the instru- 
mental or observing errors in right ascension are of an order quite 
diff<T<Mit from those in declination ; and, if tltp nK-thrxl of eompnta- 
tiou proceeds at once from right asecnsions and declinations, the as- 
tronomer can at once deternuue which of the observations ougiit to 
be r^eeted in the calculation, on the score of possible inaccuracy in 
the observation.*' 

The principal objection which has been made to Li^ilaoe's 
method is the trouble of investigating the differential coefficients of 
the •-I'lh-rical eo-ordinates. It must be avowed, that the proeess 
pohitt^Ml riit by I.aplace is very laborious; but it may also be as- 
serted, LiiuL the principal part of the labour is introduced without 

aneoessitj* Three observations* made at proper intervals) are 
oient to p;ive the motioD of the comet in either direction^ and its 
two differential coefficients, with an ainotmt of labour that is quite 
insignificant ; or a great number may \n- introduced by a simple 
process well known to every computer, and involving v^rv little 
trouble. In the present paper it is Uiowu, that by a(to)>iin^ for 
epocli the middle time between the first and second observations, 
the great mass of the ealenlations of every kind may be made inune> 
dktely afler the second observation ; and the operation, therafore^ 
completed in a very short time aflter the third. * 

The author divides hi«? paper into tlivfr «fef?f>n--. Tn the first he 
gives the "throry," or analytical oluu ii ut tiie probicnu On sub- 
stituting, m (iic general e(|uatiou& ol motion, Uie right a»ceni»ion 
and decUnatiott of the oeaMt al the cfocb with th^ first and second 
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differential coefficients, which are givea by the observations, he 
airives at two equations in which the unknown quantities are ^ and 

{p denoting the comet's disUnce from the earth). On elimina- 
ting ^ an equation is found of the following form— 

C.p= i+G. 

where C, D, C, F, G» are known numerical quantities. The sola* 

fioTi of this equation niav h(? obtaineil with groat facility (\\\ respect 
of the general (iifticultifs of tli*' nroblera) by the inothod of trial 
and error; and the author reconiniL'iidB, that in all cases which ad- 
mit of it, the equation be formed, and the solution found ; not only 
because the method is comparatively easy, but also because it is 
perfectly general, no assumption of paraboIio> eireuhir, or any odier 
form of orbit, having been made. 

The author next proceed< to consider the rases in which the 
equation These are. first, when the roinct is in coiiiunction 

with, or in opposition to, tlie sun ; or when the sun, the caitli, and 
the comet, are in the same straight line. In this ease the first side 
of the equation becomes 0 divided by 0 ; and, as the two equations 
which involve the first difierential coefficient of the comet's distance^ 
taken witli respect to the time, al;?o vanish in the same circum- 
staFirr^, the failure is absolutely beyond remedy, and we can only 
wait imtil tlie comet is in a ditt'erent part of its orbit. Secondly, 
the equation i'ails when tiie apparent path of the comet is directed 
to or nom the sun's place ; but in this eaBe» the two equations in- 
volving the first differential coefficient of the distance do not neces- 
sarily nul ; and, in fact, they cannot both fail> ei^cepttng under the sup- 
pO'iltioTi of the first case ; therefore, by usin'j' f>iie of them, or a new 
combination of them together with sorne nt w ^iiiuMi nsmnnption (as 
for instance, that the comet is moving in a parabola oi unknown pe- 
rihelion distance), we may still determine the comet's distance. 
Thirdly, the application of the equation may fhil from causes con- 
nected with instrumental observations ; for as the second dilferential 
coefficients of the right ascension and declination both occur on the 
first side of the equation, and w-^ tiiese coefficients arc ntfected by 
the wht)le of the errors of observations, wiiich, if the aiturval be- 
tween the observations is short, receive very small divisors, any 
failure in the instrumental determination will produce a large error 
in their proportionate valu^. As it will sometimes ooeur thai the 
observations made in declination are far more acourate than those 
made in right n«eension, or vice versd, in most cases one of tin two 
equations which contain the comet's distance and its hrst ditti rcntiai 
coefficient, will be preferable to the other ; and the combination of 
this with the equation deduced from the assumption of a parabolic 
orbit» will lead to the elimination of the difiSerential coefficient^ and, 
ooosequeiitlyy give the distanoe. 
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Among the various changes to wliieli the comet's apparent path 
is subject, and of which au arbitrary choice may be made) for the 
purpt^e of determining the distance in the cases in which the 
general equation foils, or becomes unsafe, the author contiderB the 
foUowing to be the best : — ^viz. first, the curvature of the comet s 
path, produced by the sun's action (or the deflection measured only 
in the direction perpendicular to the apparent path); second, tho 
acceleration in its path, produced by tiie sun's action (or the detlec- 
tiuii measured only iu the direction of its path) ; third, the deflection 
in the direction in which both the vun's action on the comet and the 
ann'B aetion on the earth would caiue a change of the cometV appa- 
rent place (or the deflection measured along the great circle joining 
the comet with the sun). These changes are severally considered, 
and tlic method of forming the equation proper for each condition 
explained, and rules deduced for the guidance of the computer in all 
the particular cases in which tlie direct method cauuot be followed. 
In fheee investigations the oofieetion <tf observed places of the comet 
for paraMaK is entirely omitted, as it b most convenient, when p is iq>- 
prozimately found, to correct the observations for the corresponding 
parallax, to make the proper alteration in the second differential co- 
eflicients, and then to repeat the process of approximation to the 
value of p. 

Having given the methods for finding the distance and its dif- 
ferential coefficient, the author concludes his first section with an 
indication of the process by which the elements of the orbit are 
computed* in the rules for the selection of the equations on the 
parabolic assumption, some considerations are introduced which are 
new and important. 

The second section contains remarks on tlie method of obtaining 
nnmerical values of the differential coefficients of the right ascen- 
sion and dedmation from the observations. In the use of these 
quantities, uluit we have to consider is, not the effect of absolute 
error in their values, but of proportional error. An error of a single 
second in the value of the second difft'rential coelfieient of M. may 
produce an ultimate error as great as would be produced by twenty 
seconds in tiie value of the hrst diti'ereutiai coeflicient ; or as great 
as would be produced by ten minutes in the itself. This con- 
sideration allows the computer to determine many of the numben 
which enter into the equations after the second observatioB : the 
method of proceeding is as follov s :— 

" Adojit for the epoch the middle time between the first and 
second ob:>t i vatious: then the first difi'erential coeflicients of a and 
p (u denoting the ri^ht ascension, /3 the declination) will be obtained 
accurately bv dividing the changes of a and /3 by the intervening 
time ; and the values of « and Uxt the epoch will be obtained 
with suflkient accuracy, by taking the means of a and for the two 
observations."^ 

The third and last section (»! the Memoir gives practical rule* 
for Ui€ computation of the observations. The successive stejis of 
the process, from the first observations to the detennination oi' the 
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dHferent dements of the orbit, and the values of the quantities 

required for prcdictin*^ f^rorentrlc j)lacri?, are mimifrly and dl.stiiictly 
stated, so that tho ordinary computer will tind uo difficulty ia 
applying the method. 

Extract of a Letter from Professor Schumacher to the Astronoiiu r 
Royal, relative to the determinatioii of difTefencea of Longitude, by- 
observations of Shooting Stan* 

M. Schumacher stat^ that, although observations of shooting 
stars have long finee been proposed by Mr. Benzenberg as a means 
of determining differences of longitude, no attempt has yet hcvn 
made to carry the plan into practice. \\ ith a view to ascertain the 
degree of exactoesa wHh wbidi aneh obaenratione can be made, he 
leaolved to make aome tiiala on the ni^ht of the 10th of laat Angnat 
He prefeired to obaenre the extinctM of the meteor, beeauae tta 
apparition f!;ivrs •warning, and in some measure prepares the 
observer for tlie phoMimncnon. Having given no notice of his 
intention ut otiier astrunomerjs, ho had no expectation of olitaining 
correbponding observations; but was agreeably surprised when he 
anbiequently obtained them from Biemen, Breahn, and even Kdnisa- 
betg. They did not give veiy accurate differences of longitude, 
because the observers at those placea had obaerved the apparition 
and not the extinction ; and because, not hnvlncr tho •^nmo ohjpct in 
%'iew, they did not ascortain tlie equation ot the eloeic with yrv- 
cision. Nevertheless tiie observations gave approximate diflerences, 
and showed that the method is practicable. 



LINNAAN SOCIETY. 

April IG, 1839.— Read. " On a Gall gathered in Cuba, by W. S. 
MacLeay, Esq., on tlie leaf of a plant belonging to the order OcA- 
mcete." By the Rev. M.J. Berkeley, M.A., F.L.S. 

The gall la remarlnble for ita yeij doae resemblance in habit and 
form to some epiphytous Fungi, for poaseasing a distinct operculum, 
and, especially, for bursting through the cuticle, which surrounds it 
in the form of a few lacinlfr at tlie base. Mr. Berkeley pointcfl out 
\ arious forms of galls and other productions of insects wlucli have 
been described as Fungi, but in none is the resemblance so striking 
SB in the present. He regretted that he was not able to tbrow any 
light npcm the anhnal bf which it ia eaoaed. tiionj^ he waa able to 
atate poattivdy that it is an animal production, as in moat inatancea 
decayed exuvitc were found in its cavity, and in one case a Httle im« 
perfect grab, which was however unfortunately lost 

May 24, 18,31). — ^The Lord Biphop of Norwich, Prchidcnt. in the 
Chair.— This day, the Anniversary of the birthday of Lmntcus, and 
that appointed in the charter for the election of Council and Officers^ 
the fteaident opened the boslneaa of the Meeting, and in atating the 
number of Merabers iHiom the Society had lost during the paat year, 
gave the following notices of some of them : — 

Sam*fr7 Brookes, Esq. — Mr, Brookes was devoted to the science of 
Ckmchology^ and possessed a valuable collection of British and Fo- 
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reiaan TestaccR. He wa<^ the author of an Introduction to the Study 
of Coiicholog;y which appeared in 1815, 

The Rev, Martin Davy, D,D,, F.R.S.» Master of Caiua College, 
Cambridge. 

7^ jReo. Rieiard Drejfer, LLM* 

John Lord FarnJunn. 

Ckarkt Jfof/nrd, Esq. 

Latnrenre Brock HolUmhead, Esq. 

John Hull, M.D. — Dr. Hull was ardently attached to tiie study of 
Botauy, and in the midst ot an extensive medical practice, he found 
occasional moments of Idsnre to devote to the cultivation of his 
fiLvourite puisoit. We are indebted to him for the pnbticatbn of a 
British Flora in 1799, of which a second edition appeared in ] SOS ; 
and tlie Elements of Botany, in 2 volumes, 8vo, in 1800. These 
works, highly creditable to their author, tended to increase the taste 
for botanical pursuits. 

Matthew Martin^ Esq. — Mr. Martin reached the advanced age of 
90* He became a Fellow of this Sodety in 1791. 

George MUne, Esq. — Mr. Milne pursued with much ardour the 
study of Entomology for more than half a century, and his name is 
familiar to the cultivators of that branch of ^icience in this country. 
He possessed an extensive cabinet of insects, particularly rich in Bri- 
tish and Exotic Lej)icloj)tera. He had retired from London for several 
years to his native place Juhushavea, Kiucardiueshire, where he died 
some months ago at an advanced age. 

7%e Rev, Robert Nixon, F.R.S. 

WUiiam Younge, M.D. — Dr. Younge was the early friend and a 
fellow student of our late distinguished President and Founder Sir 
J. E. Smith, and the companion of his tour on the continent in the 
years 1786 and 1787. of which an account aj)])carc(l in three volumes 
8vo, in 1793, and a second edition in 1807. Dr. Younge was elected 
a fdiow of this Society at its first institution in March 1788. 

Amongst the Foreign Members occur M. FrM^ric Cutner, Mem- 
ber of the Academy of Sciences of the French Institute, the younger 
brother of the great Cuvier, and eminently distinguished as a system- 
atic zoologist. He wa.s the author of a work on the value of the 
teeth as alFurding zoological characters in tlie cla^s mammalia, and 
of a number of valuable papers on Descriptive Zoology in the An- 
nales et M^moires du Museum. He likewise wrote the principal 
part of the text to the Histoire Naturellc des Maminif^res, a work 
which he had undertaken in conjunction with Gcofiiroy St. Hilaire, 
Amonn^ his last productions maybe noticed his Memoire sur les Gcr- 
boiaes et les Gerbilles, printed in the second volume of the 'IVansac- 
tions of the Zoological JSocicty of London. H^j was distinguished, 
like his brother* for his candour and frankness of chtuacter, and a total 
freedom from those petty jealousies which too often b^et men of 
science. 

M. Charles de Gimbernat. 

Gaspard Count Sternberg, Founder and President of tlie Royal 
Museum of Natural History at I'rague, a distinguished ^tron of 
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science, and author of a valuable original work on Fossil Plants, 
'^-hich were cixicliy ubtaiiicd from hin o'v^n cuttl miacb in 13ohemia, 
and of an excellent Monograph of tiie genue Bajti/higa, illiiBtrated 
by coloured figures. To him we are indebted for the recovery of the 
vegetable treasures collected by Httnke in Peru, Cochabamba»and in 
the Philippines, wluthi r lie had accompanied the Spanij»h voyage of 
discovery under the celebrated, but unfortunate, Malaspina. These 
interesting plants have been published by Presl, under the auspices 
of. Count Sternberg, in a work entitled 'Reliquiae Hsnkeanse.' 
Count Sternberg was dlatinguiahed far his urbanity, hospitality, and 
an eager desire to ]>romote every useful wolk* He left his coll e ( t i * >na 
and books of Natural Histor}- to the Museum already menticMied* 
Among the Aj^nociatcs are tlic ioUowln^ : — 

Mr. John Hunncman. — Mr. HunuLUian having been long the me- 
dium of communication between the botanists of this co untry and 
those of Qermany, Switzerland, and Russia, our coUeetioos bave 
been enriched through his means with n vast variety of new and in- 
teresting pknts. A curious Mexican genus, belonging to the natural 
family Papaveracetp. bears his name, and commemorates the services 
rendered by him to science. 

Mr. Gnorge Penny. — He was well acquainted with the plants 
widch he succesiltiUy cuMvated* and was die anthor of the ' Hortns 
Epsomensis', and of several papers on Garden fiotany in Mr. Loudon's 
Gardener's Magazine. 

Mr. William IfVy'o/i Young made the drawings for Mr. Dillwyn's 
valuable work on Hriti.^ii Conferva*, and a series of drawings of Bri- 
tish birds now in the possession of Mr. Varrell. 

'I'he President also announced that twenty Fellows, five Foreign 
Members, and two Associates had been elected since the last An* 
niversary. 

At the election, which subsequently took place, the Lord Bishop of 
Norwich was re-elected President ; Edward Forster, Esq., Treasurer ; 
Francis Boott, M.D., Secretary; and Richard Taylor, Esq., Under- 
Secretary. The following five Fellows were elected into the Council 
in the room of others going out, m. W. J« Buiehell, Esq., J. W, 
Lubbock, Esq., Hugh Duke of Northumberland, John Forbes Royle, 
M.D., and WiUiam YanreU, £Bq. 



NEW SYSTEM OF POSTAOB. 

Our cxpcriciu c dtiring the past mnnth of tlu^ Xrw System of Postage, tlmugli 
as yet in its indptent niul imperfect state, hiui been most satisfactory and gratify- 
ing, in die facility and copiownets of interoonne witb ear Mieirtifie eormpond- 
oiit , however distant. Iriformatinn, obscrvatioTTi, suggestions^ eorrectioni, pronfi, 
drawings, iudosures of various kinds, alrcadv begin to be interchanged vnih a 
fivedom which Is as ddi^htfol as it it new and itrange, and thmlbra not yet en- 
joyed to its full extriit. We shall f r 1 ^vr are pcrsuadrcl, atiiiilc car-r fnr prrati- 
tude to Mr. Ilill, by whom lo great a bcueiit has been suggested and pen»cvcrii>g}y 
matured ; and not less to Mr. Baring, the present Chancellor of the Exchequer, for 
hsfuig faitlifnlly, diUgcntly, and strenuously surmounted even itlistacle tn iln ;ic- 
coniplislni.eiit of an cil'jcct, nf wliirh he has duly appreciated tlie importaucc, as 
regards not only Uie cuuuucicial, but the moral and intellectual interests of the 
eooalrjr* 
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LETTEU BAROMETER. 
The equiuble spiem ol utio$ the postaos of papers bj w«Uiit gives me to 
^MoeuHyfiDranadjBifltlMdof deierimaaig what cAduie aiisr lettw or p«dMt 

may br lir.'ilr to. 

If exiretue accuracy be desired, nothing will be found equal to good scales and 
^re%fata ; but at UsSb u addom eiientlal, and mch an apptratna Sa not wy conve- 
nient on a writing-table, man? contrivances a| « Ign dinfalVill Mttve tndlM 
iubject to derangement have been produced. 

These are generally variations of the steelyard, and of ooune require Hie a^nit* 
mcnt of a counteqioise for eadi dUlksrent eeaci whlehia tomeirtiat tKMhlceomeatid 
liable tn mistakes. 

We have luicly sceu a scry uiapk aud iugcuiyiis instrument, ^vhicU avuidi these 
inconveniences. It indicates tbenffg^t at once, is notanljject to get out of order* 
■nd while il eoeiviei bm little spacei is refther o<eB onumeatel fom than otiMr- 
wise. 

The iBttarmneiit eootbta of a tmaill tnbe eontalning a portion of qaMaStftTf in 

.which is iiiiiiuTsiul a rod, furnished on its top with a tablet, on which a letter or 
eveu an unfolded sheet of paper may be placed. The rod sinks into the mereury 
jfntMLy la proportioii le the weight placed upon it, and by a gradeatioB on the 
Item, it is at once seen what the charge of postage will be. 

This little contri%'uncp is the invention of John Taylor, Esq., F.R.S., and the in- 
itraments are very neatly made and sold, in a variety of forms, by Mr. Lund, No. 
%tf Heel Btieeta ■ 

NEW SCIENTIFIC BOOK8. 

Scripture and Gcoloo;y. — On the Uclation between tlie H0I5' 
Scripturei* aud some parts of Geolog^icfil Science. By John Pye 
Smith, D.D., F.G.S., Divinity Tutor iu the Protestant Dissenting 
College at Homerton. 1 Vol. 8vo. Jackson and Walford. Of thia 
highly intirMlang and important waA we hope shortly to give an 
i^count in some degree worthy of ita merits. 

Dr. Meyen'b Report on the Progress of Vegetable Physiology du- 
ring the year 1897. Translated from the Qerman hj WiUiamfhtn- 
ci», A.L.S. 

METEOROLOGICAL OBi»£UVATI0N8 FOR NOV*> 1839. 
CMnBldlv->Moir. 1. Httty : nrfm f. Bain. 3, 4* Foggy : rafti. B. JSaSnt 
fine. €. Hiay: rain. 7. Rain. 8. Hazy: rain. 9. Fine: driszly. 10. Iluzy : 
rain. 11. Clear. 13,13. Hazy: overcast. 14. Fine: rain. 15. Hazy. 16. 
Overcast: clear and fine at night. 17. liain. 18. Heavy rain. 19. Fine: a 
large halo round the muon .it night. 20. Fine: rain. 21. Stormy and wet. 
S2. Overcast : fine. Clc.ir. 'i f. llain. 25. CloiiHy • rnifi • almost n hur- 

ricane at night. 26. Clear. 27. lien be fug. ^28. Iia<^y. iicavy ruin : 

SO. Oieies M ; baevy ahvueie. 

Boston. — Not. 1. Stormy. 2. Tin irly : rain r.^r. Cloudy. 4,5. Rain: 
rain e«riy a.u. 6, 7. CkNuiidy. 8. Cluudy : raiu i>.m. 9. Cioudy. 10. CkNidy : 
mte A*it. end njc II, €SkmAy» Iff, 18. Ft^^y. 14. Oovdyt reiaMi. 15. 

Ooudy: r.iin A.M. IC. Fine. 17. Fine: rain p.m. Cloudy: rain early 

AJM. 19, SO, fine. 21. Qotuiy : rain early a.m.; rain r.M. 22. Clotj4jr. S3, 
Vine. S4. Reiii. S5. doudy. 96. Cloudy: vaJneeriyAJC 97. Pine; teia 
end snow r.M. 28. Cloudy. 29. Hain : rain early am. SO. Stormy. 

AppUgarth Manse, Dumfries-shire.— Nov. 1. Storm of wind with slight <?howpr^ 
22. Fair : weather moderated. 3. Fair : fine. 4. Rather moist. 5. Ckar aud 
cold. 6. Quiet day end cloodr. 7. Tbi- same : slight drizzle f.m. 8. Cloudy 
mo!«^r. 9. The same: rain a.m. 10. Quiet day : moist atmosphere. 1 !. 
Caitn day; &ii 11 moist. 12. Showery all diay. 13. Mild day throughout: no 
rain. 14. Drizzly and gloomy : a true Nov. day. 15. Rain all day: heavy p*w, 
IG, Showery throughout. IT. Fine d.iv an<l fair. 18, 19. Drizzling d.iy. 20, 
Very tine day: raiu r.M. 21, The same : rain a.m. 22. Fine: one shower r.M. 
9S. Fntaty nomfng : ahoiver at noon. 94. Rain all day. 95. Sbowviy a.ii.t 

clean..! 11 [: r.M. 2C>. Cold and frosty mrrr in;!' hower snow. 27. The "^ame : 
firoat increasing : more snow. 28. I'reeziug all day : soow lyh^. 29* Siorm oC 
vbid ead nun : snow gone. 30. llain nearly aU vj* 



Digitized by Googlj 



^ 5 I ■s^ 6 
e 



0 

a. 



s ^ 





•wwnnc] 


«0 «o 6i 04 

, * • • * . # • • • • « iA •••.*• •*.*.. • ■ • 

a « • ft • 4 a ■ ••«««• ^ « • • 

[•••■•^ 


vo 
o\ 






i' • •9SS'^ • • • • ■— . -^15 . .occ^w 


?? 

• 


Rain. 






n 




CM 




London: 
Roy. Sec. 








(! J <; 

c ti £• 






-6 


'U 


caitn 

E. 
NW. 

calm 
calm 
calm 

calm 
calm 
calm 
calm 
calm 
cnlm 
calm 
calm 
calm 
calm 
w. 

SK. 

calm 

calm; 

calm 

calm 

calm 

calm 

calm 

MW. 


Win 


•m d I 








i|*s 

•a •'2 J 
c 







' c 



in 



. ; ^ 'O . - in 



o 

E 
o 



ft i — ■ ,■■,.1 . ■■ 



to 



_ . I »n 

CO O r*ci c« roo r^r»o O ^^^lO'O «o o>vo ■'T'O 1^ 9 n CI <p ro 00 



^ 'js c>-h<ii x 9sdc> i* e^i4 o cr\6o 6* o o ^ i* ■^eT\'iri^ 6d 



►5 J^o* 



o* i-^ *>• o I'*' 1.^ 30 <_o TT oc ac X tt t;^ «>i c* c« r» i^r* 

<N 00 6 X c> 5n 'N -» 1'^ X r'-- CI rf< — c^ ii> w sc o 6 '•^ 'f* 



^ E o -r r ^ c -T — — I ~- ir^ O <c ■-T 'N r>« 

•C Oi <j> Cn T- T- ~ IT'- ~- J> 1^ C^ 3> 1^ i> c> ^ c--. .-r- ~- ^ 1-^ 
0* c* c< C4 c< c< c* CI 

O C< — " Q — f*) — — — 0% 



X 



E 



C> CN C^- T T- T- ~ IT'- ~' J> 6> 6^ 3> C^ O CT^ C^ C^ ^ r> O ^ . _ ■ _ 1 „ ' _ ^ _ 

rvj r^j r»j r^J r*! fNi r-i fj^ ^ C*^ C< C4 'N d 



i ^ 

: 00 

I 



2 I 



i 

a 



■ O © lO — I C^ *^ ^ >f» O »•» O T ^ ^ »^ C il* t-» X — < - -r '-D 

lO <*) c« 3 c< c< — • X I - -r T -r <"> »n — -r X \c o c z- — ; ■ ^ 



r-5 




CI — lO <N X T X >o 



t^vovo»nr».i>'«'ou^fO'r«n9Sa\a>o>oc«o>-'r>»— ci«-*0'^'-0>oc<o 



*• o 



'<taoc*cic«*0'^vooaoQoaeaooo©'o-rc-ici-rriiooo«coc^vooo' 

— — — r»^ClOO ■^CO0OX-^C^C^'5>t-'— OMjXC^r'i^VO 

^ t^^o^ClnlOl^^O(»lOc^c*•^r^o^a>aooo^c^o■«*a^c* — o-T-ricc*'^ 



• 



o 



PS- 



# ft o w 



C 



Digitized by Google 



T H U 

LONDON AND £DINfiUROH 

PHILOSOPHICAL MAGAZINE 

AND 

JOURNAL OF SCIENCE. 



[THIRD SERlEbO 



FEBMUAUX 1840. 



XIII. An Accoun! oj numc Expci unenls tnude in the South of 
Firgiuiii, an Ihe Li*!^ht of the Sun. By John Wm. Draper, 
M.D.f Professor of Chemislrj^ in ihe UniversUi/ o/^ New 
York, 

To ihe Editors of ike Pkilosqpkical Magazine and Journal, 
OsNTLiimr, 

T HAVK iu sL siicii iii tlie Juuinals ior ihe current moilth« 
brouglit uuL by the British Queen, a letter from Sir J. 
Henefadf to the [BrHiBh] AsMidatioii finr the AdYencement of 
Scienee> in reference to tome remarkable actions of the dif- 
ferent colours of the solar ^speetrnni. 

Aboat five years am having the advantage of a bright and 
almott tropical sky, I amused myself with attempting a repe- 
titioo of Morlchini's experiment Ibr ^e magnetizing of steel, 
and was led to some results in respect to the chemical action 
of the snn's rays, which appear to bear very much on the 
subject ot the letter above alhuied to. Most of these have 
been published in the Journal of the Franklin Institute of 
Philadelphia; but as they do not :i])})earto have betii iiouced 
in England, I wili ask ilic lavour of a page or two of your 
excellent iMagazine, to give my testimony ou a bubject, which 
now appears to excite so much interest. 

1* If jott pass a beam of the sun's light through a solution 
of cbromate of potassa, it can no longer bladcen a piece of 
sensitive paper; if you eonyerpe the light which has thus 
pa^ed through a stratum of this fluid, by means of a lens^ 
chloride of silver will remain for a long time without much 
change, in the focus* 

The list, which was published in the Journal abofe namedi 
of solutions possessinjy this power, is as follows : 

Fhil. A%« St d. Vol No. lOlt 1840, O 



82 Prof. Draper's Experiments on the Light 

Bichromate of potassa. 

Cliromate oi" }X)tiissa. 

Yellow liydrosiilplinret ut aiumoma. 

Hydrosulphin et of lime. 

j\Iuriate of iron. 

Chloriiie of gold. 

Chloride of platinum. 
It is to be remarked, that every one of the^e solutions is 
yeHow^ but I also found that a great many vegetMe edoured 
infimcm would ia like nuuiner absorb the chemical rays, 
especiallv thoae which have a yellam tiot. 

2. When I exposed pieces of paper covered with a layer 
of chloride of silver, to a beam whien had passed through the 
red sulpbo-cyanate of iron, the paper became of a brick- red 
colour ; if to a beam which had passed through a solution of 
sulphate of copper and ammonia, it became of a blue brown; 
and lastly, on cxposinrf a piece in a box wiiich I shall pre- 
sently mention, lor five davs to lijj;ljt which had been acted 
on by bichromate of potassa, it became peixeptibly ot a taint 
yellowish green. 

3. It is very probable, that there exist in the sunlight, rays 
having particular chemical powers. 

A beam which has passed through bichromate of potassa, 
does not appear to cause the onion of a mixture of chlorine 
and hydrogen. • I kept such a mixture for several hours in it^ 
and could not perceiva any ohansjo. 

But this same beam can nevertheless enable vegetable leaves 
to efiect the decomposition of carbonic acid. I took a wooden 
box, about a cubic foot in dimensions, and having removed 
its bottom, replaced it with a pair of parallel ])lafes f^f glass, 
so adjusted thnt if^cre was an iTitrrsliee belwrcn iIk ai ol half 
an inch or thereabouts. Into the trough thus ioi hk tl, I poured 
a .sukiuon of bichromate of potassa, or any other salt under 
trial, and the box beinrr raised on one end, served as a closet 
in which bodies coulil be exposed to the action of beams that 
had passed through any given medium. 

Id this little chamber, its txvmfjik being filled with a solu* 
tion of the bichromate, I placed a mattress containing water 
slightly impregnated with curbonic acid, and a few vegetable 
leaves : after a litde while, air bubbles were copiously given 
off I there had been placed, similarly in ell respects, another 
mattrass in the direct rays of the snn, and when a quantity 
of gas sufficient for analysis was evolved, it was found that 
carbonic acid had in both cases been decomposed, though, 
as might have been expected, in the latter more energetically. 
The result gave a mixture ot carbonic add, oxygen, and ui- 
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trogen : the uniforni appearance of this latter body was sub* 

aequently traced to the leaves employed. 

Plants^ also, become green in light that has been submitted 
to the action of these yellow salts, and therefoie deprived of 
the rays that blacken chloride of silver. 1 took a number of 
pea-plaiits out of the garden, in May 1837, and caused them 
to vegetate in light modified in this way, aud also in li«/hf 
which had passed through suijilio-cyanate of iron, and sul- 
phate of copper aud anunonia, i^'c, but in every instance the 
leaves became grceii. It may aUo je mentioned, that seeds 
of common cress were caused to germinate and grow under 
these circumstances ; the young plants after reaching a certain 
size were idways green, but those which had grown in the 
dark had yellow leaves and white stalks. 

Professor Silliman states^ in one of the early numbers Oa 
his Journal^ that he witnessed an explosion of hydrogen and 
chlorine, caused by the light of a common fire. 

4* Ritter was the first who asserted, that the opposite ex* 
tremities of the spectrum possess opposite powers of chemi* 
cal action : he states that phosphorus will emit fumes in the 
red ray, but if the violet be thrown on it, it ceases to smoke : 
this experiment I repeated often, and under tavourable cir- 
cumstances, but could not make it succeed. 

5. I could succeed, however, in showing very beautifully 
the interference of that class of chemical rays which blacken 
chloride and bromide of silver, but iuiied in trying to pro- 
duce their polarization, for want of proper apparatus. An 
electric current circulating in a wire does not seem to have 
any mflnenca on these chemical rays ; I found that the same 
neat magnified Image of the wire was obtained, on chloride 
paper, when it was placed in a beam diverging from a lens, 
whether the current was made to pass or was stopped. 

So much for chemical actions ; let me now ask your attention 
to a mechanical result of solar light, which is very curious. 

(a). Having made a large air-pump jar very clean and 
dry, place a few pieces of camphor on the plate of the pnnip, 
and exhaust. Carry the pump with its receiver into tlic sun- 
shine, and verv soon you will see all that side which is nearest 
the sun coveic! wiih crystals, but diere will be few or none 
on the side wliieli is lui Uicst from him. With tiie brilliant 
sun of Virginia, I have seen tliis effect take place, ami beauti- 
ful stellated crystals appear r;i four minutes^ literally covering 
the whole of the upper parts of the jar nearest the sun. 

{b). Or, make in a tube of half an inch or more in diame-^ 
ter» and upwards of thirty inches lon^ a torrkellian vacunm } 
pass up through the mercury a fragment of camphor. The 
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tube may now be kept for any len^ of time in the dark, 
without anything happening; but bnng it into the beams of 
the sun, and in a few minutes crjstaliixation will faappeo, on 
• the side next the Inminnry, 

(r\ Again, paste on the inside of an air-pump jar, a piece 
of tiiiioil an inch in diameter, and having operated as in ex- 
periment (a) expose this side towartls tlie sun. Crystals; will 
soon t'oiinj but the lirilbil will protect the ghissin its vicinity, 
and none will be found within a certain space round tlie me* 
ftaUic drcle. 

{d). Crystallization is not necessarily connected with these 
malts : the vapour of mercury in a torrioellian void Is con- 
densed towards the light ; so also the dew which settles on 
the inside of a jar containing water b always on the side 
nearest the window. The rays of the sun have also the power 
of decomposing a solution of chloride of gold: the metalline 
spangles arc deposited on that side of the glass which is 
nearest the light. 

Artificial light gives none ol these results. 

(e). Having renuned the piece of tinfoil used in experiment 
(c), place it on a hi lie stand in front of the receiver; it will 
hinder the crystallization taking place in the parts on which 
its shadow is cast, and also for a certain space m the vicinity. 

(/). Take ajar that has alread]^ been coated widi crystals, 
place the tinfoil be&re i^ and it will remove all those crystals 
which are within its shadow. 

(g) . Instead of usins apiece of tinfoil as in experiment 
lc)f make the receiver hot^ and rub upon it a piece of resint 
so as to leave a transparent circle of that substance; expose 
to the light, and it will be found that the resin cannot protect 
tiie glass. 

(h) . If along the inside surface of a vessel, about to be ex- 
posed to the sun, a ghiss rod be rubbed, rowa of crystals will 
be deposited on the lines which were described by tlic end 
of the rod, but the vessel must be very dry for this experi- 
ment to succeed.* 

Now, can we explain these singular results on any other 
known principle than this; that the side of the jar nearest the 
sun radiates freely the heat that it receivesy back again, 
whilst radiation is interfered with at the other side; that in 
point of fact the anterior side is the colder, and the other the 
hotter ? Yours respectfully, 

Untveisity, New Yark, Nov. 9S, 1830. John W. Drapsb. 

• Tikis result would appear to point to tone change of the imdbMiieBl 
COtuUtion of the <;V^si, uiVecting cither the IMBstioil flm ill 9ttlfteC|, OT 

tbat tbroii^ its subataocc^ or b9Ui«-»ii)i>fx. 
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XIV. On a remarLihfe Fall of Hail ; mth Observations on the 
probable Nature ^ suc/i Fha'uomena, lij P. J. Martin, 
F.G,S, 

To Ekkard Tm/lor^ Esq. 

Dfar Sir, 

'jV'O r having met with any notice of the remarkable fall of 
hail which took place uuring the storm of tliinitlcr and 
lightning that passed over tlie counties of Sussex, Surrey, 
and Middlesex on the evening of the 7th of last July, I beg 
leave to ofl'er you the following uiemorandum respecting it, 
with some sliort ub-crvations on the probable nature of such 
phainonienu, which, il iiot altogether new, may coincide with 
and serve to strengthen the opinions of more experienced 
meteorologists. 

Except ra the Mi of rery large hail, the storm above-men- 
tinned did not differ matenali^ from the wide-spreading and 
grander thunder storms which sometimes gather on our 
coastSy and pass over the metropolis, from ue south-westy 
after a sultry day or two in the middle of summer, but of 
which we have not had any very remarlcAble examples for 
the last five or six rears. 

One of these storms generally rises slowly over the South- 
Downs towards evening, in the Ibrm ofaHimsy cirrostratus, 
radually deepening as the night advances, and ctn^endcring 
enser cuaiuU as it draws inlrnul. In general it is met by an 
under current of air from the north-east; but this is not in- 
variably the case, for the under current oflen comes in at an 
acute angle with the motion of the gathering clouds, from 
the south or south-east; and sometimesi as in this instance^ 
there is a dead calm below, whilst the donds are advancing 
with considerable rapidity in the higher regions. I may ob- 
serve in passing, that a long-continued and steady influx of 
a warm north-easterly current towards the points of precipi- 
tation generally characterize*? the grandest of these exhibi- 
tions ; so that it is common to hear it said here that *' a tem- 
pest," for so the Sussex people call such a storm, comes up 
against tiie wind." 

On the evening in question, the storm gathered on tlie liiie 
of coast between Selsea Bill aiui Ueachy Head, vsaa heavy 
OTer Brighton, and seemed to have its nucleus or central range 
IWrni alwot l^reham over Henfield, East Orinstead, and 
Croydon, On its western verge it passed over Arundel, Pul- 
borough, Horsham, and Dorking, and was noted at Chis- 
wick to be <* accompanied with unusually litde rain." The 
bail which 1 am about to describe was confined to this 
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vestem extremiw> and its ravages did not extend more than 
about a mile and a quarter wide» whilst in length they reached 
about twenty miles, viz. from Arundel to the vicinity of 
Horsham. I Tall felly I believe^ further on, quite into Surrey^ 
but the fall of large stones was limited to the space above 
mentioned. We had been watching the rise, and dissolution 
into the expanding body of the nimbus of many heavy cumuli 
from the south and south- west, with some grand explosions 
of thunder and lightning, when we observed a dense mass 
approach us in that direction from the Arundel quarter, ac- 
companied by a rushing or rather roaring sound, clearly to 
be distinguished from the thunder, and attended with a pretty 
.sharp blast of wind. In a few momenls hail of the ordinary kind 
began to fall copiously, and this in a few moments more was 
intermixed with stones of an enormous size» the slapping of 
which could be clearly distinguished from the roaring of the 
mass of other hail on the slated roof of the summer-house in 
which I and my family had taken shelter. Very litde f«in felly 
and the duration of the hail-storm was about ten minutes^ only 
five of which was occupied by the fall of the laigest hail-stones. 
On its clearing ofi^, the ground was observed to be whitened 
by the hail, amongst which the large stones lay like tennis-balls 
amongst marbles; and on measuring some of them, after they 
had lain several minutes melting:; on the around, we found 
many five, six, ami seven inciics in circuiiit.Kjnce. These 
large stones were more compact in their structure than the 
smaller ones, and were all of the flattened spherouial IVu ni, 
and likened by many ol thu tonunoii people m size and »hape 
to their thick old-fashioned watches. A dead calm succeeded 
to the passage of the storm, and the atmosphere oontmued to 
be eiicttmbmd with dark clouds, but without any more raio 
during the night 

The congelation of large drops of rain at the moment of 
aggr^tion, and the formation of ordinary hail, and even 
a considerable accretion of more ice to the original globule 

in its passage downwards, do not seem to be very diflHrtilt of 
comprehension aiul exjilanafinn. But there is only one way in 
which I can suppose such masses of ice as these can be sus- 
pendr<I long enough in the ntmosj)here to grow to such 
enoruit/Ui. .iizes, and that is by the assistance of a nulular 
whirlwind or water-spout [Tromhe a'erienne) with suiiicient 
power to keep them in its whorl, and to resist the earth's at- 
traction, whilst the ooncretive action is going on, till their 
momentum overcomes the suspending power, or tUl they are 
thrown beyond the range of its unteDsiQr* That such operatioiia 
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arc amongst the reciprocal eirctrical phajiiomena oftlie clouds, 
distinct from, tlioiigli ailietl lo the water-spout, is, perhaps, 
well-known; and 1 was myself once witness to an appearance 
ui' this sort, between a higher and a lower cloud, that had the 
strongly electric aspect bcluie they had resolved themselves 
into nimbus. It was a bent narrow column of dark vapour, 
which I could dbtmctly observe to be in rapid rotatory mo- 
tion, passing from one cload to the other, continuing for 
some minutes, and then gradaally disappearing. During this 
time it emitted no sound, and had no visible connexion with 
the earth whatever. 

The above theory of hail-stones wiil be further corroborated 
if we consider the form of the stones in this instance^ ViXt a 
sphere flattened at its poles, as Ihe result of a rotatory mo- 
tion ; especially it it be a law, as perhaps it is, that all solids 
in rapid gyration acquire per seipsos a roiatian on Iheir <mn 

I axOf dear Slrj yours^ &c. ^ 

PntbOfwgh, Dec. 16, 1880. P. J. MABfm*, 



X.V. Notice of certain Meteorological Phcrnomena ohserved 
at Swansea. Bif J. W. G. Gutcu> Msg* 

To the Editors of the Philosophical Magazine and Journal* 

THINKING that the following notice may prove interest- 
ing to some of your meteorological readers, I forward 

it for insertion in your valuable publication. 

On the morning of the 20th of" November, an unusual rise 
in the barometer was observable, as sudden as it was great. 
At 5 p.m. on the 19th, my barometer stood at 29*75 ; at 9 a.m. 
on the 20di at 29*99, being a rise of 0*24. At 9 a.m. on the 
21st it sunk to 29'99, being a fall of 0'70 ; and so sudden a 
rise and iail i have nut Iiad occasion to record in my registry, 
now kept for the last four years. The wind during the whole 
period was a dead calm ; the weather cloudy and hazy, with oc^ 
casional light showers. A similar phsenomenon was observed 
by my friend Mr. Addison of Malvem. The sudden JaU of 
the barometer was noticed by that gentleman on the 20th, 
and the rise on the 21st, and like mine nnaccompanied with 
wind, and at Malvern no rain felL The explanation of this 
sudden rise and fall I am yet to learn, and should be glad if 
any of your correspondents could elucidate the subject. 

On Wednesday, Nov. G, the most brilliant meteor occurred 

that has bpen observed here ibr a great length of time* iilu- 
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iiiinating peiiecily the priocipal street of the iowo: this oc- 
curred about 10 p.m. 

On Monday, Nov. 10, at J p.m., the wind, which liad been 
pcrfrdli/ calm all the morning, suddenly lose, and with great 
violence blew for a minute or two at a pressure of lour 
pounds to the square foot, and veered at the same moment 
direct from E., at which the vane bed been standing all the 
morninj^ to W, continuing from that quarter for the remain^ 
der of the day, and immecuately on so doing subsiding again 
to a complete calm. 

This morning, Dec. 18, we were visited with a gale of 
wind surpassed only in violence by that of the 8th of May 
last. I send you the following tablcy drawn up from the actual 
markings of my self- registering anemometer and pluviometer. 



Date. 


Hour. 


onSqnmFDoL 


ABMNuit or wm ii 
oTaBladiCtaM 
BflSClvflffllMt 


iB«r 


TiuNoay, Dec. 17. 


10 ajn. 








11 


1 








11 90 mm* 


8 








12 


3 








1 


u 








2 


4 








3 


9 

V 








4 


u 








5 


5 








6 


2 








7 


2 


« 






8 


6 








9 


6 


From 9 to 10 


003 




10 










11 


5 


11 to IS 


0*03 




11 30iDiQ. 


7 


12 to 1 


0-02 




12 


9 


1 to 2 


003 




1 


9 


2to 3 


003 




9 


10 


Sto 4 


0*09 




3 


9 


4 to 5 


0-01 




4 


10 


5 to 6 


002 




5 


13 11 


6 to 7 


001 




6 


8 








7 


7 








8 


8 








9 


6 


9 to ]0 


001 




10 


4 


10 to 11 


0*01 




11 


3 


11 to IS 


0*01 




19 


4 







Being a total of 0'21 of rain fallen from 10 a.m. on Tuesday 
to 12 p.m. on Wedne^dny, the wind the uliolc time blowing 
from the 8.E., only twice ior a niiniitr or two getting to tile 
of £• viz. at 3 a.m. and 8 a,m. ol December 18.^ 
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It will be my endeavour to Ascertain the other localities visit- 
ed by this storm, as the former ones registered by my anemo- 
meter, and also by thai used by Mr. Osier of Birmingham, 
would apjiear to have occurred at the time that might have 
been expected toi- each Ideality within the circle ot the storm, 
thereby beariiig oui uiosi iully Col. Reid's ingenious theory. 
The storm of Tuesday last was at its maximum at about a quar* 
tcrlo 5 ajD« of the isihy Mug then at the pressure of 1 S poiands 
on the square foot, or acoordinr to Dr» Hutton's taoie^ tra* 
vdling at the rate of about 60 miles per hour. The barome- 
ter on Tneeday at 9 a.m; stood at 29*82, it fell at 5 p.m. to 
S9«58 ; at 9 a.m. on Wednesday (to-day) to 99^7$ and at 
5 p.m. to 29*19, being a fall of 0*78 in the twenty-four hours. 

Should the above remRrks be worth your aoceptaDce^ they 
are most perfectly at your service. 

I remaioy Gentlemen, yours, &c. 

Swansea, Dec. \H, 1830. J. W. G. GUTCH. 



XVI. T7te Bakcrian Lecture, — On the Thcoi-y of the Astro- 
nomical Refractions, By James IvoBYjiuH., M,A.y F.KS, 

Corresp, 

[Contioiied firom toI x? • p. 507, and soncludeiL] 

19* proceed to inquire into the influence which 

the term multiplied byj^f before omitted^ may 
have on the refractions. 

Investigation of the integral 
The expression of this integral is, 

which is a negative quantity, ns appears from the valuation of 
it in § 9: it will therefore contribute to distinctness if its sign 
be changed, in which case it will be thus written* 
„ /*m e dx I 




and the formula for refractions will now be, ' 

S 4 » sin a X "^^^ (QoH-X Q,-/Q,-y'Q,) . 

Suppressing the tedious operations of reducing* we may 
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put the integral Q.<,) taken indefinitely, in tlie fuliowiog foriDy 
which it is not difficult to verify by ditierentiating : 



£ = 



^""V A ^lej 



. /'^IS o 175 , 1^ a Pedxc^ 
+ yiG* + 16 ' ^ 48 ' ; V A 

/18S , 125 , ^ 125 A 



/185 125 , . 125 .\ 
-•(l6 +18' ) 

r-' A / 95 5 2 25 ^ \ 
e \24 12 24 / 
This being the indefinite integral, the value oi Q., in the 
formula for tiie refractions will be obtained by putting = n* 
= 10 ; which gives 



e e 



and this value, as well as that of f, being substituted, the 
quantity sought will be expressed as follows : 

Qa=-V S +167 -"A 

. r2i5/i-^«\2. 175/1-fnv 125/i-^^Yl r^±!fl 

+ lT6i"7"; +T6\~>' +"48 V";/ K"A~ 

,125 1 125 1 ^905 1 905 125 - 127 .\ 
+^ (48 7-16 r + 48 -7+ 48 '^"16^ + 48 ^7 

125 1 125 1 ?05 1^ 305 125 ^ 125 . 
""18 V* + 48"? ^ 48^"* 48 48 * 

The series equivalent to the integrals must now be .^ubs-ti- 
tuted, in order to express the quauut^ sought in lernis con- 
taining the powers oi c. 

In the first place we have these three terms, each of which 
is zero when the exact values of Aj, A^, &c arc substituted, 
viz. 



525 905 

48 48 



Mr. Ivory ofi ike ikeonf of the AiiromnuQai B^aciionu 9i 
The next three terms are as follows : 

/- 4 a, + ?^ A, + ^ (A3-2 A.) + {A4-4 Aa+6 A J 
+ !^(A,-6A,H-15A3-20A,) + ^^+^«^}.. 
+ ^-4«,+ |iA«+2I^(A»-2A,+ A,) 

+ ~ (A,-«A,+1«A,-«)A,+15A,) 

125 125 -1 „ 

48" ~ Te" • *^ 

+ (A,-4 A, + 6 A4-4 A,+ A,) 

+ 48 (Aa-6A,+lfi A,-SOA, 
+I5A,-6A,) 

+ 48 + 48 <^J"'^- 

On substituting the exact values of A|y A39 &c> these three 
terms wUl come out as ibiiows ; 

158 

+ -g- <r-* • or + 'OOSSQ . 
348 

— . e', or — -00316 . 

OgO| 

+ + -00538. A 

These ihree terms are the part of the refraction that depends 
on the height of the atmosphere : at the horizoiit or when 
^ ss 1^ their amount is greatest and equal to 

f X X -00461 X 786"*7 X •0046 1 «/' X 8"'3, 
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which, on account of the smallness oif^ will be a minute 
fraction of a second. 
Adjecting the six foregoing tiena% we may assume 

= Hye^ + Hj^e9 + + &c.: 

andy having computed the difierenoes in the following table» 









^6 


A. 






+•01^78859 

—•0175110 


A. 




— 05957r)5 


A. 


+•0873930 


-•0177390 


-•0199B64 


A- 


+ •0748672 


+ •006.5865 


-•1079396 


A. 


+ •0446024 


+•0109256 


— 0002312 


An 


+ *0S0d241 


+ •0073251 


+ •0016762 


A|3 


+«e081714 


+•€034994 


+*O01«516 


A,5 


+ •0027438 


+•0013379 


+•0005926 


A 17 


+•0008096 


+ •0004339 


+-oaoi89i 


All, 


+ •0002133 


+-aoois»i 




A.I 


+ •0000509 







we ahali have 

H, - -.4a7+f^A7+^A»A,+ ^A*A,+ i^ A" A, -•048«l 

H« --4ai)+^Ayf ^^A-Ay+i^A^Ai+^^'A' Aj «-0709l 

Ql 21 T 17S 125 

H,,^ 4i»u-i-i5Au+-j^ Aa At+ ^ A^ Aj+-^. A« A> --04469 

H„= -4*w+J-5A»,+^-A« A„+^A*A,+ ^A% - 00249 

H„- -4«i>+|^ A,» +^A» A .»+*^ A* A«+ ^ A- A, —03230 

H„--4«,rf-f5A„+i!|A*Au+^^A*A„+*|| A« A„.^ -02568 

Hw- -4«,D+?jA,5+^A« A„+^^ A«A,»+^^A« A„ - -01835 

H„- -4i*+jJ A,t+S| A< A,rf^«A„+ ^ A« A,» - —01023 

Ht,- -4««+yJa»+S|a«A„+*^a«A„+^a«A„— 00487. 

The coefficients of the assumed series being found, and b«iiig 
expressed in seconds of a degree, the pan of the refractions 
depending on Qg will lie as ioilowa; 
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/' X sin d X =^=^ X.Qs =/' X sin I X x 35 324^ 

x5i*5«9, l-TWOS 
4-^"xSS*476» 1-51156 
+f*»X 1*809, 0*25755 
—tf^x 16*205, l"20i)Gn 
— If" X 18*588, 1*26925 
-e»^xlS-SS4, 1 •12498 

X 7-427, 0'87080 

-e«8x »*480, 0-541 58\ 

The lunonnt of this expmnon at the horizon, or when e = 1, 
i8/'x68'''l, almost the same withy xe9^-4> which, as is 
shown in $ 9, is the limit of the integral whsn it is «ytftndf>d 
from = Oto X ^ Qo, It is thus proved that the error of 
the series is of no accooDt. Tliis pert of the refraction can- 
not be computed because f is unknown. But although the 
precise value of y is oncertain, it is probably very consider- 

ably less Liiaa^ or -g- ; so tliat the effect on the reiraction 

cannot exceed a few seconds even at the horizon. We shall 
be better able to form a just notion with respect to this point, 
when the Theoretical Table in this paper is compaiedwith 

observations. 

13. It remn!!is to investii^fite the coriections that must be 
made in tlic praclical application for the deviations indicated 
by the meteorological instruments from the mean constants 
used in constructing the table. 

I or this purpose we have 

81 =s sin^ X \ X S, 

_ e 
cos$ " 1— • 

t 

The quantities e and A depend only upon a and t: a varies 
both with the barouieter atul thermometer, and with the 
thermometer only: the quantity f tloes not seem liable to 
change in our climate. Admitting that the piehx d refers 
only to ?ar!ations of the barometer and thermometer, we 
sbidlhaye 
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_^ de dS 
e de 



Now de ^ I di 1— 

da, di 



X a 



f 



wherefore^ 

If f denote the observed height of the barometer, reduced 
to the fixed temperature of 50^ Fahn; and r the tempemUtre 

of the air on the same scale; then j8 s — , 
da 1 



« H-^(t— 50)* SO* 

« 480 80 * 

r--5Q 
i ^ ^ 480 » 

— — — a — 2 X 80-;? , 

480 80 
These values being found, if we put 

T = sin« X ^ X X ( jj^^^ 4-2AQ j 

v'fif 30 • 

the expression of the mean refraction with iu correction will 
be asioOow^ 
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. . ^ = i^^^y^ - T. (T-50) - 6(80 -,). 

The rii.>t tei in ot this expre!?sion is the mean refraction cor- 
rected in the manner usually practised by astronomers. If 
we assume that the temperature of the mercury in the baro- 
meter Is die tame with that of the air, thb term will be eqaal 
to 

1 1 I 2_ 

l+/i(T— 50) • r— 50 *30"* l+c(r-56) * SO* 

10000 

C a: -002183, 

the new factor being added to compensate the e^^pansion 
of the mercury, IVo snhsidiary tables are given iur com- 
putiug this part: Table II. contains the logarithms of 

^ — 1^ -^i on either tide of the mean temperature 

50^ negative indices being avoided by substituting the arith- 
mctica! coninlcTiKiits ; and Table III. contains the logarithms, 
or the arithmetical complemeuta, for all valuea of p Irom 31 
to 28. 

The cotliicients, T and of the other two terms vary with 
the distance from the zenith ; and they can be computed in 
no oilier way than by reducing them to series of the powers 
of e. By substituting for A Qj, tlie equivalent series already 
known, we immediatdy obtain 

Further, by expanding S and its differentialt the ezpresiioii 
of T will take this form, 

T = sin ^ . .{Gs + f ' + G, e^' + &c. J. ; 

and we shall have 

Oa CB A,— As+SBgaO^MSe 

Gg se — AiH-8 A3-2 A5 + 2 B.5 = 0-4523 
G7 = Aj— 3 Ag-t-S A5— SA7+ 2I]- =0-4705 
Gg = -A1 + 3A8-5A5+7A7-4A3+2BJ) =0-3502 
Ga = A|-3 A8+5 A5-7 A7 + 9 Ap - 6 A„ + 2 B„ = 0 2092 
G„=: — A, +SAs-5A5+7A^-9A,+ "A„-.6Au,+2B,3 

m 0-105a 

The series for T and b being now known, the coeflkients of 
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the terms iniist next be ex[)re8ied in aeeonds of « d^pree^ 
which bebg done^ the following final resolts will be obtamed. 

Tsstni^X {r*. 0-369, - l-S&H, &=a ««#X { • 0-630, -l-7?40 
.0-686, - 1-835G +^ . M13, 0-04G5 

. 0712, - 1 b^^e -tc^ . 1350, a-im 

+«• . 0-630, — I*7f63 . (M»17 

0-317, -loOOR +tf>»,0-873, 1-9412 

-^t^.Qrm^ —1*2013 0*639, -1*7313 

The irahies of T and 6 are added in separate colonins of 
the annexed table for altitndea less than 10*^: for grater altt* 
tudes they are omitted as of no account. The implication lor 
finding the corrected refraction from the formula 

=iT7|r50)-^ _T(r-60)-6(30-,), 

will best be explained b}' the examples afterwards given. 

14. The Theoretical Table of refractions which has been 
computed by the foregoing formulas, and which is deduced 
solely from the phsenoonena of the atmosphere without aMf 
trary assumptions, is next to be compared with the tables 
most esteemed by astronomers. Two tables mm eminently 
deserve this character ; namely, Bessel's table with its supple- 
ment in the Tabtd<e Regiomonimue, which may be consiaered 
as the result of observations, and as being nearly exact to 88° 
or 88 J° from the zenith; and the table published annually 
in the Connaissancc des Temps. As al! the tables are sup- 
posed to contain tlie same series of refractions, the numbers 
con cs|u)ii(ling to the same aliiimle should have constantly the 
same proportion: so that taking tlie number u which answers 
to the zenith-distance 9 in Bessel's table, tlie logarithm of the 
refracliuii at liie :»ame iiieaith distance in the new table ^siiuuld 
be equal to 

tog a -f log tan 5 + '00507, 

the number '00507 being the dillljciice of the logarithms of 
the refractions at the altitude of 4.^ in the two tables: but, in 
the su])|)l<iiiental table, which contains the logarithms ol Llie 
refi actions, it is suflicient to add '00507 to obtain the lo- 

§arithms in the new table. With regard to the refractions in 
le Cotttt. des Temps, it is more convenient to use the table 
in the Tables AUronomiqueSf published by the French Board 
of Longitude : for the logarithms in this table with the addi- 
tion of *0011, should agree respectively with the logarithms 
of the new table. According to these duections the follow* 
ing comparative view has been drawn up^ 
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Zenith 


Reflections. 


dist. 


NawTaUa. 


Tab. Reg. 




%# 








10 


10-30 


10-30 


10-30 


20 


21*26 


2i-2G 


21-26 


30 


as-72 


88-72 


33*72 


40 


48*99 


48*99 


48*99 


45 


58*36 


58*36 


58*36 


50 


69-52 


69*52 


69-52 


55 


83*25 


83*24 


M;i-25 


60 


100*85 


100*85 


100-86 


66 


124-65 




124*65 


70 


159-16 


159-11 


159-iSS 


75 


214-70 


214-58 


214-83 


so 


320*19 


319-88 


320-63 


81 


353-79 


353-38 


354-33 


82 


394-68 


394-20 


395*37 


83 


445*42 


444-86 


445*87 


84 


509*86 


509-S3 


511*82 


85 


593-96 


593-38 


595*80 


85 J 


646-21 


647-10 


648*34 


86 


707-43 


707-15 


710*07 


86i 


779-92 


777-36 


783-07 


87 


866-76 


864-59 


870-37 


87i 


971*98 


978*B1 


975-89 


88 


1101-35 


1101-40 


1105-1 


88i 


1262-6 


1265-5 


1265*0 


89 


1466*8 


14H1-8 


1464*9 


89i 


1729*5 ] 


17G4-S 


1716*4 



From tins view it appears that the three tables agree wiihia 
less than 1'' as far as 80^ from the zenith; the new table 
is in accordance with BessePs, wilh slight discrepancies, to 
88^ or SSi*" from the zenith ; from 8(f to 88° of zenith di< 
stance the numbers in the French table exceed those in 
Bessel'sy the excess being S" at 84% and 4'' at 88^ But 
when the distance from the zenith is greater than 80^, the 
accuracy of the French talkie is quesdonable, both on account 
of the hypothetical law of the densities, and because the quan* 
tity assumed for the hori/ontnl refraction is uncertain. 

A few exnmples are subjoined, as well for explaining the 
use of the new table as for affording some indications of its 
accuracy at low altitudes. The two first instances are taken 
from the Tables Astroiiomiques, and are likewise published 
yearly in the Conn, dcs 'I cmjis, 

Fin. Mag. & 3. Vol. 16. No. 101. Feb. 1840. H 
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EXAMI'LK I. 

6 = 86* W 42" 
Therm. 8"75 cent. = 47'''75F. 
fiwom. 0«*74l = 2917 in. 


Ex AMPLE 9. 

d — m" 15' 20" 
Therm. 8^^ cent. « 46'»'9F. 
Barom. 0<°-766 = 30-16 in. 


8(P Ity 2-86345 
4 42" 664 

S'87M0 

Log 2 ^ 9*80004 
Z t 724-6 
— •25X-24 + -6 
•4 X '8 — -3 

Corrected nfivelwii 1 2' 4"-7 

Oh-uTVC(1 rcfrnction ]"3 4 


80* 10* 2-86345 
5 20^ 753 

8*87008 

Log I i 8*87006 
1$ 731-7 

- -26 X -3-1 + -8 

— -4 X — 16 +-6 

Corrected refraction 12*33"-! 

Ob>CT\ 0(5 rcrrnction 1"? 3~ 


EXAMVU 3» 

Mem of 48 cob^lir observaiioiM 
of tt Lyne Dr. Bunkley. 
Iriib Transactions, 1815. 

6 = 87° 42' 10" 

Therm. 35" 
iiarom. 29*5 


EXAltPLB 4. 

Mean of 10 observations of Ca- 
pella, from a memoir of^f . Plana, 
Acad, de Turin, torn. 3^ 

$ = 88" e4' 9"7 

Therm. 47''*75 

Barom. 29*75 


87« 40' 8>00522 
8 W 392 

8-00914 

Barom. .... 9-99270 

Lflf)^ 301628 
) § 1038"-2 
— -6 X — 16 + 9 0 
-M3xi -0-6 

Corrected refraction 1 7 26''-C 
Observed refraction 17 26 '5 


88" 20' 3- 08087 
4 9*-4 847 

308934 

Log 1$ 3 08765 
%0 1223"-3 

— -95 X ~ 2^ +2*1 

— 1-6 X -27 —0*4 

Corrected rcfrnction 20' 35" 
Observed refraction 20 24 -3 



We may now inquire how far the refraciiotis arc hkcly to 
be afiected by the term wliicli it wns found necessary to leave 
out, because the present state oi oui knowleilge of the phav 
noineDu of the atmosphere made it impobbiblc to determine 
the coefficient Z'' by which it is multiplied. For this purpose 
the term alloded viz. 
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which may be shortly denoted by y*' x ;^ (fi), has been com- 
pQted by means of tfie equivalent serieSi for every half de- 
gree between 85^ and 88% the results being as follows: 



1 

w 




85* 

%h\ 
86 

mG' 

m 

88 


II 

/' X 1-5 
/' X M 

/' X trS 

/' X 4-9 
/' X 7-4 
/' X il-2 
/' X 17-0 




Ftom this view it appears that/^9 although considerably less 

than/* or-^ may still have eome influeoee an the lelfttotioas 

at very low altitudes. The mean refraction in Bl^sc I's table, 
and in the new table, can hardly be supposed to differ 2" 
iiuui the true quantityi which would limit y ' to be le&s tlian 

Il is ft natter of some importance to obtain a near 

value of/' : and it is probable that this can be accomplished 
in no otner way but by searching out sach valnee of / atid 
as will best represent many good observed refractions at alti- 
tudes less than 5^ If socn valnea were foand» our knowledge 
of the decrease of beat in ascending in the atmosphere would 
'be improved^ and the measurement of heights by the baror 
meter woold be made more perfect. 
April 1818. 

Table I. 

Mean iieiiactiuus lor the 1 eniperature 50* Fabnnheity and 
the barometric Pressure 30 inches* 



14, 



Log)A 



1 
% 

8 

4 
5 
6 
7 



0 



/I 



Difi*. 



3WH5 0-4860 1 

4- 08 0-61121 

5- iro-7086: 

6- 14,0-7«8i^l fi,^ 
7 '17|0'8fi&7 ' ' 



T. 



■3 . 

i| 



7 
8 

9 

10 

11 

12 

13 



Ug ) I. Di£ 



0 



717 

8- 21 

9- 25 
10-30 
11*35 



0-8557 
8*9144 

0- 9663 

1- 0129 
1-0563 



12- 421-0941 

13- 49jM300 



587 
519 
466 
424 

388 

359 



T. 



C. 



H8 
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Tablb I. {coH&mei). 



1^ 



o 

13 
14 
15 
16 

17 

18 

19 
21 

tit 

23 

24 
2:1 
2G 

28 

29 

.3(1 
31 
32 
33 
34 
35 
3C 

37 
38 

39 
40 
41 
42 
43 
44 
45 
4G 

47 
48 

49 
his 
51 
52 
53 
54 
55 
56 
5? 



0 13-49, M300 



17- 86 

18- 98 
20-1 1 



1-1G34 
M947 



14- 57 

15- 65 
ie*75 1*2241 



1*2519 

1-27H4 
1-303G 



2I-2G 1-3:J77 



23-60 



1-3729 



22-42;i-3507 ' 



24-80 1-3944 

26- 01|l-4151 

27- 24^1 -4352 

28- 49 1*4547 

29- 75 1 -4736 
31-05 1-4921 
32*381-5102 

33-72 1*5279 
35-09 1-5452 
3G-49 1-5622 
37-93y5790 
39-39 1-5954 
40*891*6115 
42-42 1*6276 
41-00 1-6435 
45-61,1-6591 

47- 27'l-6746 

48- 99 VG9OI 
50-75 1-7055 

52^57 17207 

54-43 1-7358 
56-351 1 -75 n> 
58-36!l-76oi 1 



Diff. 



334 
313 

294 
278 
265 
252 
241 
230 



T. 



C. 



I 222 
2151 
207' 
201! 
195; 
189, 
1 85; 
181: 

177: 
173 
170 
168| 

164 

162' 
160 

159 
156 
155 
155 

154 
152 
151 

1 

15l| 
1512 



0-43 1-78123 
2-57 1-79637 I''!^ 
4*80 1*8115,. ; , 

7-1 1 1-82678 

9-52,l-84208 ^^^ 

12-02 1-85747 
14-64^1-87298 

17-38 1-88863 \'yit 

20-241*90440 

23-25 1-92036. 

26-41 1 1 -93653; 
29-73il-95291r 



71 



£<4 



0> 

58 

59 
60 
61 
62 
63 
64 
65 
66 

167 

68 

69 
70 00 
10 
20 
30 
40 
50 
00 



Log ^9. 



T. 



10 
20 
30 

40, 
50l 

72 00' 
10 
20 3 
30 
40 
50 

73 oo' 

10 
20, 
30 
40 
50 

74 00| 
10 
20 
30, 
40 
50 

75 00 
10 



29-73 1-95291 ,rr^, 

33-23 1-96955 
36-93 1-98646 ^^^. 
40-85 2-00368! i:*! 
45*012*02124 1;;^ 

^^•j!;:;??!^836 

54-17,2-0o/o4, 
59-23 2-07635 ««i 

,1 ,SyA'-- ^988 
lU'48 2-llooo I 

16*78 2*13603 

23-61 2-15719 ~ 
31-04 2-179l0;';-,:l 
39-16 2-20186 



40-592-20573; 

42- 04 2-20963 

43- 62 2*21 366 

45- Og 2-21 752; 

46- 53 2-221 50! 
48-08'2-22552 
4 9-6 5 1 2-22956. 
51 -2512-233631 
52*87!2*23773' 
54-53 2-24186: 

56- 21 2-24603 

57- 92 2-25022 
59-66 2-25445 

1-43 2-25870 
3*23 2*26299 

5- 06 2-26732 

6- 93 2-27168 
^■-^3*2-27(^08 

i 0-7 7,2-28051 
12-74 2-28498 
14-75 2-28948 
16*802*29402 
18-88 2-29860 

21-01 "^-nn**^' 

23-l8'2-30789 
25-39| 2-3 1259 
27-662-31734 
29*95|2*32213 

32-30 2-32696 
34-70 2-33184 

37-l6|ig-33677 



388 
390 
393 
396 
398 
402 
404 
407' 
410| 
413 
417' 
419| 
423 
425' 

429; 

433i 

436| 

440 

443 

447 

450 

454 

458 

462 

467 

470 

475 

479 
483 

488 

493 
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TAMLEhiemOkuiedy, 



XT 

•S.5 



90. 



fs 108 
80 

30 
40 
50 

76 00 
10 
20 
30 
404 
50 

77 00 
10 
SO 
30 
40 
50 

78 00 
10 
90 
80 
40 
50 

79 00 
10 
905 
30 
40 
50 

» 00 
10 
SO 
30 
40 
50 
81 00 
106 
SO 
30 
40 
60 
8S 00 
10 
SO 
30 



Logao. 



Diff. 



37*16 S*83677 

89-65 2-34174 

42- 21 2-34676 
44-82 2-35183 
47-48 2-356951 
50-21 i2-36212 
53-00 S-36735 
56-85 2*37263 
58-76 2-37796 

l-74i2-38334 
4-792-38879 
7-91 2-39430 
lMlS-39987 

14- 39 S*40550 

17-742-41119 
21 192-41695 
24-72 2-42278 
28-33 2-42867 
8S*04S-43463 
85*84 S*44066 
39-75 2-44677 

43- 76 2-44295 
47-88 2-45921 

52- 12 2-46556 
56*47 2-47198 

0-948*47848 
5*548-48507 
10-28 2-49176 

15- 16 2-49853 
20-19 2-50541 

85-368-51237 
80*708*51944 
36-80 8*58660 

41- 88 2-53387 
47-742-54125 

53- 79 2-54874 
0-04 2-55635 
6*508*56407 

13-18 2-57192, 
20-092-57989 
27-26 2-58800j 
34-68 2-59624 

42- 37 2-60462 
50*838-61813 
58-59 2-62179 

7-I9I8-68O6S 



497 
502 
507 
512 

517 
523 
528 
533 
538 
545 
551 
557 
563 

569 
576 
583 

589 
596 
603 
6ll| 
6l8j 
626, 
635 
642 
650 
659 
669 
677 
688 
696 

707 
716 

727 
738 

749 
761 
772 
785 
797 
811 
824 
838 
851 
866 
883 



T. 



C. 



•03 



•04 



•04 



•05 



-05 



•08 



H4 



87 



8 



82 40 
50 

83 00 
10 
20 
30 
40 
50 
00 
10 
20 
30 
40 
50 

85 00 
1010 
20 
30 

4011 

50 

86 00 
1012 
20' 
30 

4013 

50' 
0014 
10 

2015 
3016 
40 

5017 

88 0018 
1019 
20 20 
30 21 
4088 
5083 

89 00 24 
10 25 
20|27 
30 28 
4030 
5038 

90 0034 



7-19 2*63062 

16- lo2-6396l 
25-42j2-64877 
35-09 2-65810 
45-14 2-66758 
55*648*67788 

6*55 2-68713,^"" 

17- 95 2-69718,;,^^;,^ 
29-86 



42-31 



2-70746 
2-71793! 



899 
916 
833 
948 
970 
985 
005 
1028 
1047 

1069 



55-33 2-72862 J 

8-96 2-739541 
83*85 2-75070,,,. 
38-232-76210,' J 
53-96;2-77376l 
10-52 2-78570|^' 



1219 
27-902-797891,048 

46- 21 2-81037 
5*552*883181^°; 

25-908*83686 j^i; 

47- 43 2-84968';!:, 
10-21 2-86345 ' 



34-34 
59-92 



55-99 



2-87757 
2-89205 



87*118*90693 



2-92220 



26-76 2-93790 



59-54 
34-55 



2-95402 
2-97060 



11-93 2-98764 
58*103*00588 

35-12 3-02330 
21-35 3-04192 
11-073-06110 
4-68 3-0»087 
2-60 3-10127 
5*883*18889 

13- 11 3-14398 
26-8 3-16637 
46-8 3-18943 

14- 2 3-21 331 J 
49-5 3-23792 
33*8 3*86881 

15- 1 3-88894 
88 



1412 
1448 
1488 
1627 
1570 
1612 
1658 
1704 
1758 
1808 
1862 
I9I8 

1977 
2040 
2102 
2169 

2239 
2316 

■2388 
2461 

2529 
2573 



•07 



•15 



-39 
-43 

-471 
*68 



C. 



11 



-10 -16 



-24 



•24 -39 



-31 -51 



•67 
-75 
-83 
•91 



•581 1-01 



-63 
-69 
-78 
-87 
•96 
107 
1-19 
1-32 
1-52 
1-72 

1- 92 

2- 2 0 
2-48 



1-13 
1-24 
1-41 
1-58 

1- 75 

2- 00 
2-24 
2-48 

2- 91 

3- 34 

3- 77 

4- 34 

5- 00 
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Thermometer. 




Bifomflier. 




} 




! 






Diff. 




Ill «i i-p i 


Log. 




«> 

50 


000000 




o 

50 


000000 


■ 




in. 
31 


0-01424 




40 
48 


0*00094 
0-00190 




51 
52 


9-!^9000 
9-99811 






.30-9 

8 


()'01?48 
0-01143 




17 


0-00885 




53 


9-99717 






7 


0 01002 


142 


46 


0-00380 




54 


0-00023 






6 


0- 00860 




45 


000476 


96 


55 


9 9952.0 






5 


0-00718 




44 


0 00572 




56 


9-99434 


94 




4 


0 00575 




43 


0*00968 




r>7 


0-99341 






3 


0-00432 


144 


42 


0'007G4 




')8 


0-00248 






o 


000289 




41 


0-00861 




50 


9-99154 






1 


0-001 I.T 




40 


0-00957 




60 


9-99061 






30-0 


0-00000 




39 


001053 




61 


9-98969 






29-9 


9-99855 




3k 


001161 


98 


62 


9-98875 






8 


9-99709 




37 


001248 




63 


9-98783 


92 




7 


990564 




36 


001346 




64 


9-98690 






6 


9-99417 


146 


35 


0-01444 




65 


9-98598 






5 


9-99270 




34 


001.>11 




(50 


998506 






4 


9-99123 




33 


001640 




67 


0-98414 






3 


0 08075 


148 


32 


0-01738 




68 


998323 






4) 


0 0882G 




31 


001837 




00 


9-982,31 






1 


0-OSG77 




30 


0-01935 




70 


9 98140 






290 


9-98528 


150 


20 


0- 02033 




71 


0 08040 






28-9 


098378 




-28 


002133 


100 


72 


997958 






8 


0-98227 












9-97867 






/ 


If UQ\J4 U 




26 


0 02331 




74 


9-97777 


90 




6 


997924 




2') 


002432 




75 


0-97686 






5 


007772 


152 


24 


002531 
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XVIL iMer to Richard Taylor, £sq*» toiM rcferenct to two 
Papers in the Philosophical Magazine ff^r January^ 1840t 
By James D. FoaBES| E&q,^ F.ILS^,^ Jt« 4* Ed^ ie. 

My dear Sib, 

¥N order that your readers may be aware why I do not 
answer Mr. Potter's animadversions in the January Num- 
ber ot the Philosophical Magazine, 1 would request you to 
insert the loliowing letter which 1 addressed to him alter 
reading his communication. 

« My deau Sir, « Edinburgh, Jan. 8tb, 1840. 

" I have read with some pain, nnd at least equal surprise^ 
bume obbQi'vatioiis by you on phoiometry, stated to hii¥« been 
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oecamoned by reading a brief notice of some experlmenti of 
mine, with respect to keat^ which I thought mignt, perhaps, 
bear some analogy to the case of ligk^ It is evident, how* 
ever, that as it would be impossible to predicate beforehand 
that heat and light are reflected according to the same law^ 
any verificailon of Fresnei's law for light obtained in this 
way could only be an analogical one, ann therefore acceptable 
only whilst photometric methods ai e so very imperfect as XstiU 
consider tijem to be, however dexterously employed. 

" It was a matter, as I say, of equal surprise and pain to 
me to find that you should have so gratuitously misinter- 
preted my sentiments tuwards you, which 1 deliberaLely de- 
clare to you were solely those of entire friendship and re- 
spect The object of this letter is simply to assare you of 
this, and if I could do it in stronger ternis» I would. 

** It seems to* be strange and almost mcredible that one 
whose experiments I have so oflen quoted with respect, whose 
results I nave made known, and whose originality in the mat* 
ter of metallic reflection I have so often vindicated at home 
and abroad, in private conversation vind in public lectures, 
should take a pleasure in misinterpreting my expressions. 
I am persuaded that at some future time you will elo me jus- 
lice, and in the mean time I will rather run the risk of sus- 
taining any prejudice wldch your letter may excite i^jainst 
my experiments until they appear to sueak for themselves, 
than enter into a public dii^utation about statements and 
expressions^ to the certain loss both of time and temper. I 
mean to write to Mr* Taylor to this effect} and shall pert 
haps communicate to him the substance of this letter* 

*^ I am, my dear Sir, yours vefy truly» 

" James D. Forbes." 

Now, Sir, after this statement it is not my intention to enter 
into any defence oi the " memorandum'^ iasei ted in your Jour- 
nal for December (L. 5v E. Phil. Mag. vol. xv. p. 479.). 1 shall 
correct neither Mr. Potter's sLuiLiDtiUiiJor his inferences, which 
so fur as they relate to myself are certainly mitoundcd. Had 
I been at all aware of the extreme importance which Mr. Pot- 
ter attributes to the particular expenments on |>hotometry to 
which I alluded, I should certainly havedone so with fer greater 
caution. I imagined that Mr. Potter probably considered (as 
I think I would have done under the circumstances) his earlier 
contributions to physical science as subject to the revision of 
his own maturer skill and judgement, and, until they had 
received that revision, as open to some doubt; the siibiect 
. being one of such difficulty, tnat if Mr, Potter lailedi he iiuied 
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only in common with perhaps every other person who hod 
attempted it. In this supposition it appears that I was mis- 
taken. I have since learned from Mr. Potter himself tliat he 
considers the true measure of light as more attainable than 
that of heat. A proposition so startling, and which is at 
variance with all that 1 have ever heard expressed, or sliould 
have been disposed to conchide upon the subject, i could not 
be expected to anticipate, nnd therefore a coUisiou oi upinioD, 
though to be regretted, was unavoidable. 

Iklore concluding, I have a single obbci valiun to ofier 
upon Mr. Warington's interesting communication on NobilFs 
coloured rinss. if Mr. Warington will refer to your Num* 
ber for Jnly last, page 27, note^ (L. & £. Phil. Mag. vol. xv.) 
lie will find the following remark : The explanation of these 
colours, bv supposing with the philosopher of Reggio (if I un- 
derstand him aright) that they are produced by uun plates of 
adhering oxygen gaSf is too evidently founded in error to re- 
quire any notice." I may now add the consideration whicl^seem- 
ed tome so conclusive, which is not a chemical but an ojitical 
one. Tlie colours of tliin plates are on all hands admitted to 
be produced by the interference of the light reflected at their 
first and second surfaces. In the present ca>,e the first surface 
would be the common boundary ol uir and oxygen gas, which 
can neither be considered as a sharp mathematiciu surface^ 
nor if it could, would there be any appreciable quanti^ of 
4ight reflected from the boundary of substances having 
scarcely an appreciable differenceof refractive power, much less 
could such intensely vivid colours be the result. I'his is but 
one of many palpable oversights in a paper, whichi whatever 
may be its value to artists, seems unworthy of the scientific 
reputation usually i^iven to Nobili, and in ^hich notwithstand- 
ing, he Fpenks witli very little respect of the reasonings of 
Newton and Berzeiius. 

I am, my dear Sir, yours very truly, 

£<iinbiii^h, Jan. 21, 1840. JaMES D. FoRBES, 

(II^ We regret to find that we have incurred blarae on account of some 
exjiressions in Mr. Poller's paper on Photometry in otir preceding number, 
implying a cbarce of unfairness in the treatment of scientific questions against 
the CamBKdge Philosophical Society, and which are compiained of as beings 
*' under the form of a scientific communication, an irrelevant and most un- 
just attntk u|ion a public body.** We freely ndinit the justice of the remark 
of a coirespondcuc, that the editors of a scicntdic journal should avoid giving 
currency to iropntations of thi* kind ; and can only ttate, that bad the na. 
titrc of the cbnrgo, and the tone of some other expressions, caught our 
attention, we .should have objected to its adnii-'-ion in the form in vNhich we 
receivt^d it. We can safely appeal to ibe spirit m which our work has long 
been conducted in proof of our with not to occnpvits pages with ]>ertond 
imputau'ons, or witn the renonstFances to which mey oecetfatilyghFe riie. 
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XVllI. Observations on the Blood Corpuscles, or lied Particles, 
of the Mammi/'aous Animals. By George Gulliveu, 
F,R,S,y A$mtant Surgeon to the BrnftU Regiment of Horse 
Guards. No. II.* 

IN my foriner coramimicatiaof I omitted to mentioQ that 
In many of the obsenratioiu an achromatic object gkss was 
uiedy of one tenth of an inch focal length/ made by Powell, 
and adapted to the same eye-piece as the excellent object-glass 
by Rosi. They both perform admirably^ and the additional 
power gained by the former one is not only of coosidenibie 
advantage, but it affords an opportunity of instituting com- 
parative trials, so as to diminish the chances of error. Both 
these glasses will therefore be employed in tlic succeediug 
observations, and I shall avail myself of oppui: unities of test- 
ing the measurements previousl}^ i^'^en, and ot n curding the 
results when they seem to be of any consequent i-. The mag- 
nilying power of Powell's glass with the micronieier eye-piece 
is as nearly as possible nine hundred and eighty diameters, 
and the otiject is very diadncdy defined. 

After repeating very carerally numerous ohfeervations oo 
the corpusdei in their own serum, as compared with specip 
mens dried in the manner formerly described^ it appears that 
the latter are almost always a little lai^gerand more accurately 
defined in the outline than the former. This is particularly 
observable at the margins of the dried preparations, where 
the corpuscles ore very thinly spread, and where desiccation 
takes place instantaneously when they are applied warm from 
the wound to the glass. Towards the centre, as the particles 
are more thickly a^irreyated, ihuy du not dry so quickly, but 
have time to coutracL a little, and accordingly coire^|JuiKl in 
diameter pretty accurately with those observed in their own 
Mum. I have noted instances in which they manifestly 
flhrunk while under examination in the serum, as if they were 
acned on by the glasses between which they were placed, the 
edj^es of the disks becoming more rounded, occasionally gra- 
nnUted, and not unfreqiiently puckered or swollen, so that 
the central concavity in many of them was very remarkable, 
nnd often more or less misshapen from the bulging of the 
edges towards the centre, a triangular depression with con- 
cavity of the margins being thus occasioDally produced on the 
surface of the corpuscles. 

Though baJiue solutions are useful in diluting the bluoti ior 
cuiwp iitive observaiioiii, measurements from corpuscles so 
presei veU aic^not worthy of much reliance. The shrinking, 

m CkMiiimiitkstcd by tbe Author, f L. & £. Phil. Mag. fw January 184(^, 
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or the alteration of form in the disks, mny jrenerally be ob» 
served even in the course '\ minute or two after l!ie mix- 
ture. Nor is the sernm ot one animal always proper to ili- 
lute the blood of miotlier; for I could seldom get the cor- 
puscles of the cariii\()i I, or even of some ruminants, to mix 
well with the serum ot the horse. 

If obtnned frum the bodjr a 6%^ or two after death, the 
diflks are generally so clustered together as to be seen very 
indefiaitely in the wet states although some of the smallest 
detached Irom the masses are often tolerably distinct The 
corpuscles are mostly very irregular in sise, approaching 
more to the spherical shape, and even more susceptible of 
alteration from any of the common methods of dilution, than 
in blood procured from the ]i\ inL'^ aiiiinul. By drying, how- 
ever, a tolerably clear oullme of iho disks from the carcass 
may in most inslanceb be procured, aliliough every method 
.suuietimes fails, as 1 experienced a short time since in some 
blood from the Sloth Bear and from the Malay Sun Bear. 
Though the bodies of these animals were perfectly fresh, and 
the masses of fibrine in the heart and great vessels firmly 
coagulated, the particles of the blood were so much con- 
glomerated, and their size so singularly variable, that it was 
impossible either by drying or any method of dilution to ob- 
tain even an approximation to their average diameter; and 
yet some corpuscles procured from the living 8ioth Bear did 
not exhibit such irrejrularitirs. 

or the accidentn! circumstances by which the particles are 
liable to become enlarged, besides incipient putrefaction, the 
moistureof the atmosphere, of the breath, or of the hand are the 
most frequent. Dried or drying specimens are thus instantly 
injured or destroyed, the disks oemg more or less altered in 
sliape and deprived of their colouring matter. But much de- 
pends on the degree in which these causes may have acted; 
Ibr a diminution in the magnitude of the corpuscles may be 
the consequence. If, for example, some water be mixed with 
blood, the disks immediately become much enlarged and 
splu^ricnl, (juickly losing their colouring inntier; and yet 
it ihc whole of this be thus removed, after a whde the outlines 
cftiie disks, very faint indeed, may fix (|uently be recognised, 
ciinnnislied cuiisiderably in diameter and apparently quite flat. 
They may always be clearly seen by treating them with a 
strong solution of corrosive sublimate. The human blood 
corpuscles, thus enlarged at first, and then deprived of their 
colouring matter, and reduced in sise, generally present a dia- 
meter of about 1 -4800th of an inch, whether detected in the 
pure water or rendered more apparent by the sublimate. 
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They have a very qhaiaderistic appearance^ beine remarkabij 
flat and pellucid, several generally touching at their edges so 
as to form groups, scarcely ever turning over or even movini» 
in the fluid. It is obvious from the size, shape, mid general 
appeartince of these particles, that they are not identical with 
those which have been usually described as the nuclei of the 
blood corpuscles. The average dianicLei uf the di&ks in the 
iirst instance was 1 -3429th of an inch. 

Bwdm the praoaatioD eooceniing the pMemtiQii of the 
bloody it it oqaoUy iMoaBsaiy to bo confnf ag to how it is ob* 
tttaed* Tho corpoacks oro more or loss modified very quickly 
i^r extravasation ; and if somo delay oooor, and the drop 
of blooi!, eiFusad into the toboataneoas tiwiM^ reqoire press- 
ure to determme it to the surface, the corpuflcW in thai 
blootl may be expected to be irregular in form and mag- 
nitude, many of them particularly presenting a granulated 
appearance. Hence the c^lass should not be pressed upon the 
wound, but merely ji,^liily touched on a drop of the blood, 
however small, that has appeared freely inmicdiately after the 
puncture. A specimen thus procured, and tiricil a» beloiu 
noticed, will be excellent, altnough in all cases where it is 
practiciible a small inoiuoQ directly into a superficial feio will 
be preferable. 

The granulated particles are almost uniformly MnaUer than 
the oommoo diekti and it is not improbable that some of the 
former nmy be ^roduoed by the irregular ihriaking of the 

latter. In some instances I could not detect any of the gra- 
nulated corpuscles in the blood immediately after it wns takeJi 
from the anmial, alilion^h tlioy were to be seen abL/iiclaniiy 
after a few hours' exposui c m liie sei uja to the atmosphere, 
the temperature ranging bcUveen 45 and 50°. In one ob- 
stti vaiiun buiiit; ol the extremely minuLc aplitiuica, winch are 
uot uncommon in the blood, were observed to attach them- 
i d j w to a lew of the emaller disks, so aa to produce the gra- 

The uSodTco^Mdee therefore are so singularly suscep- 
tible of variatioii in siaa and form from the operation of ?eiry 
slight agency, that there is probably no other micrascopio 

ob^ict ol equal delicacv, or that requires so much experience 

in its management. llence it is not surprising that cursory 
observers should have committed remarkable errors, and that 
the histdrv of the blood corpuscles, even alter the labours uf 
more carelul infjuirers, shoultl have been so much ul)>c,ired 
by discrepancies, particularly when it is considered liuw ihe 
inherent difliculiies of the subject have been increased by the 
iuiperfeciioa oi instruments. Hewson indeed, whose ODser- 
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vatkfos apart from hb liypothesea are generally reaiaifcaUe 
for their accuracy, laboured under these diBadfantaeefly but 
there is reason to believe that his results irere not wtained 
without the most devoted and diligent inquiry. 

The discrepancies just alluded to are frequently adduced 
as instances of how little credit should be attached to micro- 
scopical anatomy nrenerally. There does not appear to mc to 
be any reason in the objt;cUon : first, because it is sclclum if 
ever urf^ed by those who are bulhcienily acquainted with the 
instrument to enable them to jud^e faiiiy of its use; and se- 
condly, the same objection might in like manner be made to 
the use of the unassisted vision in minute anatomy. Who- 
ever has attended to the histoiy of the elementarv structure of 
diiFerent parts in the animal ceconoroy, as given Dy anatomists 
who have not employed glasses, must be acquainted with dif- 
ferences in the observations, just as remarkable as those which 
have resulted firom the use of the microscope. But no one 
ever yet ventared to suggest that the imperfection of our 
senses was a reason why they should be dispeu'sed with. The 
intimate structure of the bonc^, of the cellular or atlipose 
tissues, are, among others, sinmihiriy obscured by false ob- 
servations, notable toi- tlii ir number as well as for their dis- 
agreement. Yet the nucroscopc has made these things in- 
iinitely im>re aiiiiple. No au.ilumist would now lequne lo 
found the distinctions between the cellular and adipose tissues 
chiefly on remote physiological phsenomena; no one would 
doubt the diflference who bad once seen the vesicles of the 
latter by the aid of the microscope.* Halier could thus have 
immediately seen and shown io others the proof of that great 
discovery! which required so much labour to demonstrate. 
A curious collection might be given of the errors of anatomn 
cal observations made by the unaided vision as compared 
with those which have ;nisen from the use of the micro- 
scope*. But this subject is foreign to my purpose, and I 
have only to repeat the conviction which 1 have elsewhere 
expressed t, that the minute anatomy of the fluids, botii 
heaiih^ and diseased, is of the utmost importance, and that 
the steady and successful pursuit of this object will ulti- 
mately be the foundation of a new em both m physioio£[y 
and pathology. * ^ 

76. Orang-outang, (Pithecus Saiyrus,) a female, about a 
third grown. All the following sizes very common: l-9552nd, 

• On the limits of vision with the best itT^tnitnents there is an ingenious 
paper by Ehreoberg, of which we are iniiebted to Mr. Francis for an excel' 
tent BngMab venion. See 1>v1or'B Sdentifie McoMin, Put iv. 

t Oa the SoAeninf ofFibnne^ Med. Chir. Tuom., vol xz9. 
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l-MSthf l-3868tfa, 1-S809tb, and l-3S00tb. Extreme dia- 
meters l-4000thaiid l-3000thy though a very few considerably 
smaller might be seen id the serum. Blood from a veia of 
the fore arm. 

77. Hoolock Gibbon, {/{ylobah's sn/riies,) nearly full- 
grown female. Most frequent size of the corpuscles l-3200tli, 
hut verv variable from l-4570tli to l-2782nd of an inch, 
iiiood trom the left ventricle, dried, three days after death. 

78. White Whiskered Gtbbon, [Hylobates ;) a 

male, about two>thirds grown. Most frequent diameters of 
corpuscles I-34b28th ana ]*3200tb. Extreme sizes l-4570th 
and l-2900th» In serum l-4000th common ; in weak saline 
solutions still smaller, and many of the edges swelled and 
punctured, so as to form a very remarkable triangular or qua- 
drangular depression in the centre of the disks. Blood from 
the lefl ventricle of the heart. 

I am informed by Mr. Ogilby that this is a new species 
of Hylobates. 

79. Magot or Harl^ u} Ape, {Papio sylvamis), l-3i28th 
and l-3200rh most frequently. Extreme sizes 1 -4570th and 
l-2900th. Blood from the aorta and vena cava. 

80. Rhesus IMuukey, {Macacus rhesus^) a young male. 
Corpuscles very variable in size, l-3200th very common; 
extreme diameters l-4000th and l-fiaGeth of an inch. Blood 
from left ventricle of the heart. 

81. Toque or Chinese BonnetMonkey,(illaeai»tf radSra/rii), 
a male, about two-thirds grown. 1 -3600th and l-f{200th 
com mem size of the corpuscles. Blood from the left ven* 
tricle. 

82. Bhick Ape, (Macacus nigevy) full-grown male. Most 
common diameter of the disks 1-3554-th of an inch; extreme 
sizes l-4572nd and l -^9(>Tth. Blood from right ventricle. 

83. Hare-lipped Monkey, [Macacus ctjnomolguSj) full- 
irrown male. Most connnon diameter oi the disks J-34"29th 
ot an inch; extreme sizes l-4500th and l-2GG6th. Blood 
from the renal vein. 

84. Pigtailed Monkey, {Peqno nemeUnmUf) a female two- 
thirds grown. Most common diameter of disks l-SdSdtli and 
1 •9565th. Extreme sizes 1 -4570th and l^SdOOth of an inch. 
Blood from the portal vein, from the coronary veins, and from 
the right ventricle. 

85. Jaccbus Monkey, (Jacehta vu^ariSf) adult male. Four 
measurements of three or four in a row, gave the following 
diameters of each disk : l-3552nd, l-355ilh, l-3(j93rd, nnd 
1-S555tli. Extreme diameters l-4570th and l-300Uth. 
BiooU from a prick of the tail. 
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In the venous blood of the monkejr tribe» besidee lymph 

^obuies of the common si^e and appearance^ there ere ge« 
nerally spherical bodies of a very white colotir, and fre- 
quently of semi-fluid consistence, ns may be inferred from 
their beino" seen occasionnlly to alter in shape, like n drop of 
any viscid matter subjcciiHl to currents of particles on its mar- 
gins. The white round bodies vary in diauicLer from 1 - 4000th 
to 1-1 777th of an inch. Their number is ofti n very great, 
and they may be observed very remarkably in blood from the 
mesenteric veins. In the blood of the right ventricle liiey 
•re alio estnmdj comnioBi though the Md-fluld appeu-apce 
ii— ee hmfrntAfwrnm m the ferwer. These obeemtimii 
were made on monkeyi^ apeSf and baboonsf deed of verioM 
dtoeaoei» ehiefly tnbercelar phthisis. Tubercle seems in theee 
animals to be as commoii in the spleen as in the loog^i in- 
deed» this deposit is not unfreqnellt in the loimr Oi|pui wheel 
none can be found in the latter. 

86. European Brown Bear, {Vrsus Arctos,) female, hardly a 
third grown. Most freqncm diameters of rnrpuscies l-3600th, 
l-3692nd, l-3750th, 1- rrfJOtiu and l-4000lh. Extreme sizes 
l-4'570iii and 1-30+8L1). l)lood from a prick of tlie upper lip, 

87. Black Bear, ( Ur^us Amti'icanus^) a male, nearly same 
size and apparently ol the same age as the European Bear. 
All the following diameters' common : 1-S600th, l-3693rd, 
1-S790th, l-8840Ch. Extreme sises l-4570th and l-9000th 
of an indi. Blood from a prick of the upper lip. 

88« CinneiDon or Chooolete Bear, ( Vnui Amgkmmof fwr. ?) 
a male, from North America, apparently of the same age as the 
Black and European Bears. l-369Srtt, 1-S790th, 1-S840tl}, 
l«*4000th, all common siiee. Extreme dieneteffi l«48<IOth 
and 1-SOOOth. Blood from a prick of the upper lip. 

89. Polar Bear, [Urs-ns Marifimus,) old female. The 
following sizes very cominoii : 1 -:UiOOth, l-ii6y3rd, l-3764lli, 
anti l-yStOth. Extreme diameters l-4570th and l-??048th. 
There were seen, though rardy, some as small as l-^33Srd 
of an inch. Blood IVom a prick of the upper lip. 

90. Sloth Ijcar (Uisiis labialuSf) an aged lemale and a full- 
grown male. Most common diameter of corpuscles from 
1 •4000th to 1-S555th, Extreme sim l*4800th and l-8000th 
of an ioeh« Blood from tlie difierent cavitiee of the heart of 
the iemele; from a prick of the lip of the male, which was a 
healthy animal. The unsatisfactory result of the examinatkm 
of the corposcles in the female has been already notioed ; the 
specimen from the male was not a ?ery good one. 

91. Raccoon, (P^ofywi /o/or,) nearly' full-grown male. In 
the dried corpuscles^ the following siaea all very oonflMBt 
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l-4500tliy l*45ttiid« and U4800th. Extreme duuneteniy 
]-*9000tli md l«4000th. In the serani» a great many of the 
diaks l>6000th to UBMSrd of an inch. Blood from a Yeln 

of the fore foot. 

92. Wolf, {CanisLiqmit) mdulim^Lle. l-3554tb, 1 SfJ-^.^th, 
1-S692nd, all very irequent diameters. Extreme 9iisesl-4670tb 
and 1-SOOOth. Blood from a prick of the ear. 

93. Jackal. {Canis memyneias,) aduit female. The rollowiiig 
diameters very cnnunoii: l-355*ind, l-S60Uth, l-!li)9'*>n], 
l-^^790th. Lxm nie sizes i-4570tb, l-»000th. Blood tiom 
a prtck of the eai . 

94. Two Spoiled Paradoxure, {Paradoxurus binotalm,) 
a female nearly fuU-grown, from Wcstarn Africa. The fol low- 
raff eina fwqywH ; l-459ftMly I*4IIO0th» and l-5058nd of an 
iaSli. Smmw dfanHera ]-«000th and 1-S555t]i. Blood 
fum a of the taiL 

99. Striped Hyama, (Ifyana vuigmitf) lemale not qoite 
Inll-gnnrn* l«40doth, l-:i7GUh and 1 -3552nd, common dia- 
meters. Extreme nias l-4800tb and 1 -8000th. Blood from 
a vein of the ear. 

96. Lion, [Fe/is Leo,) from Africa, nearly full-grown. The 
most common diam -tcrs l- !-500th and i-4365th of an incli. 
Extreme sizes and l-3554tb. Blood Irom a prick 
of the ear, 

a. Lioness, aluMit uvo-thirds grown. Some corpuscles ob- 
tained from ihe cuiuneous vessels of the leg gave ihe same 
meaiitraaieDts. 

97. Puma or SUm Lion, {FelU eaneolory ) from South Ame- 
rica, ftill-grownmaie^ l-4579nd, l-4500th and l-4440th9tbe 

moil frequent diameters of tbedisks. Extreme sIces l-5800th 
and 1-S5544h. Hlood from a prick of the ear. 

98« Tiger, {Felts Tigris,) from India, a femalt , iull-rrrown. 
Common sizes l-4440th, l-4210tb, and I>4<268th. ISeveral 
also of 1-4-OOOth. Extreme diameters* l-jS33rd and l*34S8th 
of an inch. Blood from a vein of the ear. 

The st/e therefore of the l)lood corpuscles of these larccr 
species ui the genus Fel is is very nearlyalike*. In some ot liie 
smaller species, as the Cat (27.), Serval (28.), and Lynx 
{BO,)j the disks liave much the same tliarueter, as I infer from 
frec^uent examinations. Mr. Siddall too, beibre he was ac- 
quainted with thareenit ofmy obeerfationsy came to the tame 
coodoaioDi from several trials with the blood of the cat, as 
oompaved with one spectmen of that of the tiger. In some 
blood obtained during life from the femoral rmn and from the 
faiorBl vtitinfcf a oaty about a third-grownt the disks most 

• See Dublin McuituI Press, No. 52. 
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commonlv presented the following diamet^s, i -i';65th and 
l-4752naof an inch ; and there were several l-4000tb, the 
thickness of the edges of tlie disks being 1-1 8,000th. The 
blood was examined quickly after it was obtained, and no 
appreciable difference was seen between the arterial and ve- 
nous corpuscles. They are certainly but very slightly smaller 
than in] the tiger. 

99. A Kan^-dvoo, {Macropus Eugenii ^) alemale, l-33S4th, 
]-3iS2nd,and 1-S200th, a common diameter of the disks, and 
l*4000th and l-SOOOdi ntfaer fireqaaot sizes* The edges cf 
the corpuscles aenerally from l-12,00(Mh to l-lO^OOOth of an 
inch thick. Blood from a prick of the taiL 

100. The Gqypu, (ifyopoiamus Coj/ipiiSt) an adnk. Most 
common diameters of corpuscles 1-S500th and 1 -3200th of 
an inch. Small disks, l-4O00th ; large, l«8666th, in the dry 
state. Thickness of the edges of the corpuscles 1 - 1 2000th to 
l-9GO0th. In the serum, the corpuscles were more variable 
in size, l-4-572nd and l-3000th of a!i inch being very fre- 
i|ucnt. Blood troni a prick near (lu- locks. 

101. Gvi\ySq\.ui-vc\y{Saiii U6cinei i i{s, culiilt male. Com- 
mon diameters l-12GGtli, l-4000th, l-;j540lh, and l-36aOLh. 
Extreme bizes l-GUOOth and i-JOOOih. Magnitude of cor- 

Suscles very irr^ular; a few not more Sum l-6400th. 
(iood from a prick of the nose for the first eauunination, and 
from the ear a few days subsequendy for another trial* 

10^ Capistrated Squirrel, (&«um tf^pMlralti^ 
Common diameters l»40Q0th, 1-S790th, and l-S695nL 
Extremo sixes l-5333rd and 1 -3000th. A few of the very 
small corpuscles less than i-6400th of an inch in diameter* 
Blood from a prick of the upper lip. 

108. Black Squirrel, {Scimns tiigcry) an adult. All the 
following sizes fre(HHMit, l-'3fi00th, l-3692nd, 1-S790th, and 
l-SB+Oth. Extreme cUauu ti IS l-533Srd and l-:jOOOlh. A 
iiew oi the very small corpuscles were seen. 

The size of the corpuscles, as far as I have observed, is 
very irregular in the genus Sciurus. Theie are circular 
particles, though not in lar^e numbers, yet very remarkable 
K>r their regularity and dimmutive siie in r^rd to the com- 
mon blood disks. For this reason the very small cotpusdes 
should be further examined. I hare oertainlv seldom seen 
them so remarkably in any other genus, though I think they 
appeared in the blood of the female Slotli Bear. In the Palm 
Squirrel (72.) there were several about 1 -7000th of an inch. 

104. Wild Boar, (Sus Scrqfay) from A^io, male, nearly 
fuU-grown. l-4266th, l-4S65th| and l^iiOOOth, most fineqoeot 
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diameters oi tlit ciibks. Extreme sizes i-15ddrd and L-S555tb. 
Blootl from a prick of the nose. 

105. Collared Pcccari, [DicofyLs lurquahis,) from Mexico. 
1 uU-grown female. l-4l7iird, l-4500th, l-4572nd, and 
1 -4800th verf commoit dkmdm of disln. Extramtt tSatB 
1-OOOOth and l-d555th. Much more irregular In sixe than 
in the IVald Boar, and from two examinations appearing to 
be smaller. Blood from a prick of the upper lip. 

106. Zebra, {Eqwts Bureheiiii,) full-grown female. Aver- 
age-sized disks l-4500feh; and L-^SOOtfay l-4<365th and 
i-^OOOth, not uncommon. Extreme sizes l-5800th and 
l-3368th. Blood from a prick of tlie nose. 

107. Dshikketai or Wild Ass, {Equus Hcmioniis)^ a fe- 
male, as large as a comnioii Ass. The most frequent sizes of 
corpuscles l-4572nd and l-4800tli. Several as large as 
1 -4000th. Extreme diameters 1 -5800th and 1 -3555th of an 
inch. Blood li om a prick of the nose. 

With relerenee to the blood of the Horse (see No. 34 in 
the former paper) Mr. Slddali obtained die following measnro- 
ments of the common-soEed corpuscles from a cart stallion^ 
aged 12, suddenly killed : l-i860th, l-4fd06th, and l-486Snd. 
The blood, from a vein of the tesdde^ examined soon after 
the death of the animal. 

108. Axis Deer, (Cervus Axis^) adult male. Most frequent 
sizes 1-4924-th and l-5333rd of an inch. Extreme dinmeters 
l-GOOOth and l-43G5th. Altogether very hrreguiar in size. 
Blood from a vein of the ear. 

109. A Deer, (Cervus lu'io oiiriis'?). Most frequent diame- 
ters i-ai42nd and l-3:>33id. Extreme sizes l-6400th and 
l-4000th. An adult male and female; the blood from the 
renal vein of the former, and from the ear of the latter. 

These animab were shipped at Honduras, and brought 
home with the Mexican Deer. 

110. Reeves's Muttljae, (Ofrw JB^msfY, Ogilby). The 
corpuscles belonging to the same class as those of the Porcine 
and Mexican Deer. They will be all fully descrilied together 
on a future occasion. 

111. Sini^ Sing Antelope, (Anf Hope Sing Sing,) adult fe- 
male. Corpuscles very variable ti om 1-COOOth to l-4000t!i ot 
an inch : l-4800th was very common| and l-5333rd common. 
Biuod Irom a prick of the nose. 

112. Nyl-ghau, (Antilope picia^) a young male, hardly 
half-grown. l-4924th, l-4800th and l-4572nd, all common 
diameters. Extreme sizes l-6000th and l*-4365th of an inch. 
Blood from a vein of the ear. 

lis. Cervine Antelope, {AMihpelmbalisy) 9A^l^tJsa^ Cor* 
Pm Mag. & 9. Vol 16. No, 101. 1840, I 
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puscles remarkably variable in size, and differing much whether 
examined dry or in their serum. In the tbrmer state l-5333rd 
and 1 -6000th most common diameters, and extreme sizes 
} -6400th and 1-4-5 62nd. In the serum 1-G856th tbo uuwt 
Irequent size. Blood ubtained for the first examinatiou ii uia 
a prick of the nose, and for the second some weeks after- 
wards from an incbion of the ear. The animal was diseased. 

114. Bii£&kv from MaDiU8|(Bai Bubaki$i) adult female^ 
I'-SHftDdi l-4aooth» and l-450(Hb oommoD diameters. £z- 
treine sizes l-5S3Srd and l-8600th. Average thickness of 
the edges of the disks l-14»000th of an incm Blood from 
a vein of the ear. 

115. Cape Buffalo, {Bos C^7^,)itiil-grown male. l^liSnd 
and 1 -4800th, most frequent sizes in the driec! specimens. Ex- 
treme diameters 1 -6000th and l-3554th. The corpuscles in 
their serum were conimonlv 1- 5333rd, or even as small as 
l-6000th of an inch. Blood lioni a vein of the ear. 

From two trials iL appeared that d^bks w^re slightly smaller 
than in Bus Bubalus. 

Najm Mus/c Ditr (49.) An adult lemale iuiviug lately died 
at the Zoological Gardens, I availed mvself of an opportunity 
of eKamininff. some blood from the difooot cwitlee of tlie 
heart, as weu as from the cava^ portal, and roeaenterio veiiit. 
The result fiill v confirms the acearacy of my former observe^* 
tions*> espedailythat the blood corpuscles of the Musk Deer 
are suifdler than any previously described in the mammalia. lo 
relation to the parts from which the blood was obtained^ there 
was no appreciable difference in the disks. The average dia- 
meter of those procured from the dead animal was l-lS^iOOth 
of an iiicli. 

In an animal with blood corpiiscjes so remarkably minute, 
it was interesting to ascertain the comparative magnitude of 
the lymph globules. The latter were therefore carefully ex- 
am iiitd with this view ; aiid their size, appearance, and che- 
mical characters found to be identical with the lynaph glo« 
bules of many mammals with lai^g^ blood partides. The lymph 
granules in the Napu Musk Beer varied in diameter from 
l-6000th to l-8500th of an inch* Hewson inferred from 
hb observations that there wasarelatbn between the partides 
of tlie lymph and blood in the same animal, and a difference 
in tlie size and shape of the former in different animals. 

I have recently examined the blood of the Vicugna (37.), 
and compared it again with that of the Dromedary (S^)^ la 

« Dublin Medical Pre«^ Nov. ^, im, L.and£. Phil. Msg. Dec 
1839, and Jan. ISiO, 



Digitized by 



On Gahanic Series Jitrmed qf Zinc and inactive Iroiu 115 

tbe former the following meMitremetita of the corpuscles were 
taken. Long diameters, 1 -4000th very common, many l-S555th, 
•ndafeW) not commonly seen, l-2b'66th« Several considerably 
shorter than l*4000th of an inch, for instanoe» l-53S3rd ; and 
even 1 -6000th very rarely. Short diameters most frequently 
l-6400th and 1-71 lOtli. Tlie shorter corpuscles are generally 
broader in proporlion than tlie others, some nearly circulai', 
but in this observation none perfectly so, Mr. Siddall's 
measurements agree as nearly as po^aiblc with mine, and 
the cor|)uscles in the Vicugna appear to be a little smaller 
tliaa those oi ibe Dromedary. Though taken from a vein of 
tlie ear, the blood was of a bright brick-red colour, as it ap- 
peared from the punctaresi It would be singular if the ve» 
nous blood of any of the mammals with oval particles should 
not have the usual dark colour. 

Tbe lUunooem (5S» p. l-5l554ith is a misprint for 
1-S554lh. 

The Red American Fox (S4) is the Canisjkiimi9» not a 

variety of C. Vulpes. 

XiX. On Galvanic Sc/ its J aimed of Zinc and Inactive Iron, 

By Mr, Thomas Hawkins. 

To the Editors of the Philosophical Magazine and JmrnaL 
Gentlemen, 

/^NE of Professor Schopnbcin's experiments described at p. 

42y of vol. X. of the L. is. L. Phil. Mag., by which he ob- 
tained an electric current of high intensity with wires "having 
one of tb«r ends ooated with peroxide of lead, and each end pat 
into a separate vessel filled with nitric acid, a hundred times 
diluted,'' interested me so much, that I was led, at the time of its 
publication, to make some experiments, with the view of esta^ 
blishing the possibUi^ of employing iron in xhiBpfodiar can^ 
dition as tbe negative metal in voltoic batteries. After some 
failures; I succeeded in forminir a L':^K'anic circle \\\\h a fine 
iron wire put into nitric acid ofsp. gr. 1*5 contaiiiccl in a tube 
of plaster tif Paris, and associated with amalgamated ziiic in 
diluted sulphuric acid, wliich electrolyzed water; and two of 
such circles, in scries, liberated the ^ses rapidly, continuing 
in action lor seven iioui s, when sudden effervesceiice uf the 
acid occurred and the wires were dissolved. Efficient circles^ 
hut of less permanency, were constructed of iron wires alone^ 
having one of their ends in the porous cells of nitric acid^ 
the otTier in diluted sulphuric or even very diluted nitric acid. 
The liability of the iron to be suddenly attacked by tlie nitric 
acid was pretented, so far as my experience went, by dis- 
lolvii^ msrcmy in the add, in acco r dance with the Fro< 
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fessor^s observation of the efiect of nitrate of mercury in 
preservuig the inactive state; but it was also necessary to 
protect the wires at and above the sarfaee of the acid from 
the corroding action of its fiinies b^ a coating of wax or glass. 
By these means the inactive condition of w iron was main- 
tained; but another obstacle then arose in the crystallization 
of nitrate of mercufy^ by which the cells after twenty or thirty 
hours* use were generally broken ; and tliis could not be sur- 
mounted but at the sacrifice of some power, by dilutino; the 
aci(), which the piesence of the nitrfite permitted, nml the 
subsUtution for the cells of pipe-clay ot others made ot wood. 

I cannot give com jja native results obtained with iron and 
platina batteries, but I may mention that with an arrange- 
ment of six cylinders of sheet iron, each containing thirty-six 
square inches in strong nitric acid^ without mercury, and as* 
sociated with iroc plates of half their six^ a current was evolved 
which for several hours ignited charGoal> or the whole of a 
strip of platina six inches in length by one-eighth of an inch in 
width. The construction of this battefy was imperfect in se- 
veral respects, particolariv in the porous vessels being much 
too thick ; there is, therefore, reason to suppose that an equal 
power might have been obtained from a less number of cells. 
As some proi^ress in advance of the Professor'? experiment 
in winch the current ceascil with the solution of the I'llm of 
peroxitie of lead, this communication may possibly be deemed 
worthy of being recorded: but the importance of my results 
in relation to the proposed object of the experiments is, I 
think, materially aiiectcd by the discovery of Mr. Cooper, as 
given in your last Number, of the application of charcoal and 
other forms of carbon as a snfaelltQta for platina in the voltaic 
arrangenient of Idr. Orove. 

I have the honour to be^ Gentlement &c 

King's Road, Brighton, TbouM UawKIHS. 

Jan. lOlb, 1840. 



XX. On Lightning Conductors^ and the Effects of Lightning 
on Her Majesties Skip Boiney and certain other S/tips of 
the British Navjf: being a firlker esamination of Mr. 
Sturgeon's Memoir on Marine Lightning Condueton. By 
W. Snow Hakbi8» B$q.f F,B,S.f 

[llluitratedbyPbiteT.] 

To the Editors oj ihe Philosophical Magazme and Journal, 
Gentlemen, 

1, ¥N ray former communication (L. and E. Phil. Mag. vol. 
^ xiv. p. 401*} I considered the nature of a well-known 
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pha3nomenon in electricity, termed by Cavallo, Priestley, and 
others the lateral txplosion, and showed that it did not apply 
to the state of a metahic rod in the act of transmitting a va- 
nishing electrical accunmlaiion between two ()})})osed electri- 
fied surfaces, as insisted on by Mr. Sturgeon in a recent num- 
ber ut his Annals of Electricity. 1 will now proceed to ex- 
amine the general eharacter and e£fecl of ordinary electrical 
discharge whether produced on the great scale of nature^ 
or ardficially, with a view of fiirther showing thai such lateral 
explosions do not occur at the instant ol the passing of a 
shock of lightning through a metallic conductor, as also with 
a view of meeting certain other objections which have been ad- 
vanced at different times to the use of lightning rods in ships. 

2. I should not have felt myself called upon to notice fur- 
ther Mr. Sttn'^eon's memoir, tlid I not consider the state- 
ments it contains, although suju rficial and inconclusive, likely 
to mislead the public upon many important points connected 
V* itli the effectual protection of sliij^pinu;; ngainst the destructive 
eilects ol iiglitniug, and convey hiise views ot the nature of 
electrical action. Under these impressions I have little hesi- 
tatioii in noticing what he has advanced under the following 
heads 

1st Examination of the observed offsets produced on 
shipping by lightning. 

2nd. A comparison of the observed effects of lightning 
and the probable effects which lightning would pro- 
duce by the appUcatton of Mr* Harris's condnciors to 
shipping. 

3. The first contains an excellent, and I have no doubt, an 
accurate statement, by an intelligent officer of the liodney, of 
the destructive effects of lightning lately experienced in that 
ship, together witii notices of two cases in which ships fitted 
with my conductors were struck by lightning without any 
attendant ill consequence. In the secaod> it is the author^ 
object to prov^ from the elects of lightning in the Rodney, 
that Div system is inadmissible! since the discharge of light> 
ning, ^ observes, which struck the Rodney^ would nave 
been powerful enough to have rendered even the thickest 
part of Mr. Harris's conductors sufficiently hot to ignite gun- 
powder." 

Considering the boldness of this assertion, and the high 
pretension of the memoir, we sliould expect, on examining 
the author's researches, to find him in possession of a cnpious 
induction of facts from well-authenticated cases of damage by 
lightning on ship-board, illustrating clearly the views ne so 
strenuously lUdisl^ on^— >ca;»es in which continuous or otUer 
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metallic conductors have been from uii^ cuuht; placed along 
the masts or rigging, and in which the electric agencr found 
its way dirough the null to the sea* We should further ex- 
pect from hiiDy something like an examination of the general 
nature and effects of eleetrtcal discharges, since it is clear, bo- 
fbre any accurate estimate can be arrived at, of the relative 
quantity of electricity likely to be discharged from a thunder- 
cloud, and the probable effects on metallic rods, or other 
conductors set up with a view of directing it in any given 
course, .snch information is quite indispensable. 

4. Nou it is to be particularly observed, thnt Mr. Stnr^t oifs 
memoir is really deficient in such inlbrmation ; a few clumsy 
experiments in illustration of a well-known fact in electricity, 
deceptively associated, by means of a vague hypothesis, wiih 
some of the ordinary effects of lightning, on a snip not having 
any regular conductor, and with some every-day pha&nomena 
of theelectrical kite, is virtually the amount of all that the author 
has advanced, under the imposing title of '^Theoretksal and 
Experimental Researches." 

5. In illustration of the careless way in which he meets this 
question, it may not be out of place to notice the following 
specimen of bis inductive philosophy, — being the very outset 
of the comparison he Hr*; proposed, of the observed efiecls of 
lightning, and the probable effects on my conductors*. 

In the account given of the damoge recently sustained by 
H.M. Ship Rodney, it appears, that the shock of lightning 
which shivered the top-gallant-most, damaged the lop-tnast, 
&c., &C., fell on a small brass sheave in the truck for signal 
halliards^ and Highlit/ fused it. This sheave weif^ed about 4 
ounces ; it was only about an Inch and a half diameter, hol- 
lowed except at the centre and rim, where it was somewhere 
about half of an inch in thickness. The lightning also fell on 
the copper funnel for tojvgallant rigging, being a hollow 
cylinder of 16 inches in lengdi, 10 inches in diameter, and not 
{jiiito n quarter of an inch thick. This funnel was not nny- 
wbert' iuseci. It fell niso on other metallic masses, such as the 
iron-bound lie-biock, on the top-snil-yard, &c., &c., the iron 
hoops of the mast, &c., on which no calorific, effect was ap- 
parent. 

6. Now we have here something like evidence what was 
really the actual pmoer of the chai^. We see, for example, 
that It did not fuse a copper funnel, 16 inches long, 10 inches 
in diameter, and about }th of an inch thick* In the fiice of 
which fact Mr. Sturgeon insists, that had the charge fiillen on 

* Htuigeoo's Memoir, aec ittM. 
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my conductor, the thickest part of it would have become red- 
hot. His reasoning, in fact, amounts to this ; an explosion 
of lightning httvioff slightly fused a small brass sheave, w eigh- 
ing 4 ounceS) andMTing failed to fuse b short copper funnel, 
tiierefbre had It ftUan on a nxl of copper of one indi in dle^ 
iiieler» and 900 feet long*, that rod woald ha?e been rendered 
fwd-hot 

This, it most be allowed, is a somewhat amusing kind of 
^ledal pleadln^^ qoite anpreoedenled, i believe, in any paper 

on science. 

7. The author wishes to <^trcnp;thcn his deduction, such as 
it is, by adverting in a Ibot-nole to the case of ri small brig 
struck by lightning, in which some part of a chain conductor 
is supposed to have been fused ; how much is not known, "as 
the lower part fell overboard," The statement is given with- 
out any quoted authority, and is altogether deficient in the 
very information most required, viz. the size of the chain, aiid 
hm mbA €f H teas fused* Let ns, however, tdte it upon the 
anthoi^s own ground, and suppose the conductor to have been 
sneh as is commonly used in the merchant service,-H^ is to 
say, linhs of iron wire of about one-fourth of an inch in dia» 
meter, united by rings, a kind of conductor very easily dis- 
jointed and fused at the points of junction by lightning; — the 
reasoning then stands thus : because a shock of lightning fused 
and disjointed some unknown portion of a lightning chain in 
a nu rchiiiil briir, therefore the same shock, had it fallen on a 
solid icv{)per rod of one inch in diamet^ and XOO ieet long, 
would have rendered that rod r^rf-hot 

7. The fallacy and entire worihlessness of such reasoning, 
seems not altogether to have escaped Mr. Sturgeon's noiice, 
as appears by his amplificatiott of the above elfects ; thus on 
entering upon the comparison of the eflhets of lightning, he re- 
sorts TO a sort of wholesale dealing, and leads the reader to con- 
clude that the enltre sheave in the Rodney and aU the bi^ 
conductor underwent fusion. But even it it were so^ no snch 
conclnsk>n as that above mentioned is admissil^let, especially 
In reference to a continuous and massive conductor termin*' 

• This u Itie equivtlent of my conductor on the maiiHoait of tuch a 
tbip a8 the Rodney, taking it at its I asl value. 

f <« Were there no other data t fian those of the /union of the irictnllic 
sheave in the Rodney and the fuftton ot M<r ckaitKvnductor in the brig Jane,*^ 

A«.dM« 

The inpreisions which these facts convey to the mind are too definite 
to he easily mi^unJervtood ; they clearly imply that either of the discharges 
which struck the Rodney or Jane would imvc rendered the thickest part 
of Mr. Hairii^s eonducton niaeienilj hot to ignite gunpowder," dw.fire^ 
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ting in a point, and equalizing with inconceivable rapidity the 
disturbea electrical state of the sea and clouds. 

8. The manifest deficiency of sound practical information in 
Mr. Sturgeon's memoir, imposes upon me the necessity of ad* 
verting to the general character and operation of common 
electr^ discharges, whether produced by artificial means or 
on the frrent scale of nature. In doing this I have no desire 
to excuse myself, in case I sboukl not have written clearly and 
explicitly on thu subject, suice in no department of pbvsics is 
tiie (ieid oi observation so tertile, and the })ath oi cxjit i iment 
so sure and easy. We have before us the experience ol nearly 
a century, during which lime lightning-rods have been em- 
ployed ; a great number of instances have occurred of shocks 
of lightning falling on ships under a variety of difierent cir< 
cumstancesi in some cases where Hghudng conductors have 
been present* in others where absent ; in many instances where 
ships have been near each other and exposed to the same 
storm, some having conductors, others not* The general laws 
of the discharge are traceable in them all, and the effects on 
metallic bodies distinctly shown. On the other hand, we can 
on a minor scale, imitate successfully the great operations of 
nature, and examine experinientaily every possible contin- 
gency attendant on the operation of a shocK of lightning in a 
ship. It is our own fault, therefore, if we do not treat the 
subject scientifically, and arrive at complete practical solutions 
of such questions as these : Is a lightning conductor desirable 
in a ship ? WiU it cause b^ attraction a shock of lightning to 
fall on a ship when otherwise such would not take pl^ce ? If 
80» can it cause damage by its inabili^ to get rid of the li^ht* 
ning which falls on it r What is the best form and dimensions 
of a lightning conductor for a ship ? What is the greatest 
probable force of lightning to which it may become exposed ? 
Is it liable to cause dnmnge by any lateral operation of the 
cliarge passing ihrou^h it ? I say, if such questions as these 
cannot now be Kiasonabiy determined they probably never 
can ; ami, ilieretc re, any one who wi ites or reasons obscurely 
about thtiii, and witliout due regartl to a good induction of 
Jacts, can have no claim to be considered as a sound reasoner 
in experimental science; for, as beautifully observed by 
Lord Bacon, Man, who is the servant of nature, can act and 
understand no further than he hasi either in operation or in 
contemplation, observed of the method and order of nature." 
Under these impressions I proceed to examine the general 
character and effects of electrical discharges as exhibitcKl arti- 
ficially, and on the great scale of nature. 
9. Although some, theoretical difierences may have arisen 
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conoening the pr^»M iMtiice of eKflCtncity, yet tbe foUowiog 
explanation runs aufficiently parallel with bets to entitle it to 
our confidence* and put its in poeaefision of one of the great 
advanti^ee of every tlicory, viz. aclaasification and connexion 
of oliaarved effects ; the province of human knowledge^ being, 
I as justly observed by :i most intellectual and accomplisbed 

w(-iter« ^'io observe tacts* and trace what their relations 
are-/* 

Ge.neral princii lps: — 

10. There is an invisible acrenry in the material world inti- 
mately associated wiiii toiujuoii iiiaUei, Leimed electricity. 

11. Ugbtniug, thunder, and a variety of analc^ous pheeuo* 
mana of a minor kind, artificially prodnoed^ result from dis- 
charges of tbis agency between bodies diflforeutly afiected 
by it» 

18. In every case of electrical discfaarge there are two 
snrfaoes of action ; one existing on some substance eager to 
throw off redundant electricity, beii^, according to Dr. Frank- 

• lin, overcharged with it ; the other existing in some other sub- 

stance eager to receive electricity, being, according to the same 
philosopher, deficient of it, or undercharged. 

13. 1 wo opposed bodies, when placed in these oppobiie 
electrical states, have a sort of exclusive action on each other, 
either directly throui^h any intervening substance, whether a 
conductor ot liie eleeli ical pniiciple ur not, or ollierwise iWi- 
ttcAu through any lateral circuit. 

llins two metallic surfiices A B (fig. 1.) pasted on the op- 
posite sides of a square of glass rcf, nave, when the square 
IS said to be charged, an e»liisiTe action on each other^ either 
tbroii^ the inter?ening[ ^ass» or otherwise through any con- 
dii6tor» A o B» connecting them* 

Now we have only to suppose these planes placed further 
apart, as in fig. 2, to have a discharging conductor, m w, of 
greater or 1r^< extent between them, to be greatly increased in 
size, to be K p;i rated by air instead of" glass, and to consist of 
free vn|)(un or water, and we have a pretty faithful repre- 
htntation ( 1 ihe conditions, under which a discharge of light- 
ning takes place, when passing partly through the air, and 
partly through a discharging conductoi , m n, or any other 
body, c d, plaoed on the puuie Bf. 

* Abcrcrorobie on the Intellectual Powers. 

f The thickness of tlic intervening air, and the amount of free elec- 
tricity in the clouils, has led Professor Ileiiry to (jiiLstion in iunic measure, 
the perfeet analogy of a discharge of lightning, with that of a Lcjden jar ; 
bet I think upon mature considcnition thiii circumstance will not be found 
in aay wij •ebvenive of the gensnd fciadplei Thus whether eleetridty 
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14. Any contiDttous metallic rod or other body, m n (fig. 2.), 
connected with the lower plan^ must be considered merely 
as a passive way of access for Ibe charge so far as it goes ; 
the electrical agency bemg obsenred to seize upon snbstances 
best adapted and in a position to fiwilttate its progress, or 
otherwise to fall with destructive elfeet upon such as resist it. 

15. It is easy to perceive here, that the presence of a con- 
ducting rod, m n (fig. 2), or other conduclinfr body, has no- 
thin^^ wfiiitcver to do with the great natural action «pt up be- 
tween the planes A B. It is in fact to be considered niLi ely 
as a point in one of them. The original accumulation ot elec- 
tricity and sub&eciuent discharge, would necciiiiarily go on 
whether such a rod were present or not, as is completely shown 
by experience. When present, its operation is confined to the 
transmission, so far as it extends, of that portion of the charge 
which happens to fidi upon it ; and since it is onite impossim 
to avoid the presence of conducting bodies in the constructicm 
of ships, it i& tlie more important to understand clearly in what 
way aamage by liglitning occurs to the general mass, and how 
it may be best avoided. 

16. When discliarges of iitj^litning fall upon a ship in the 
way above stated, as being a heterogeneous mass fortuitously 
placed between tlie cliarged surfaces A B (fig. 3.), the course 
of the discharge is always determined through a certain line 
or lines, which upon the whole least resist its progress. The 
interposed air between the ship and the clonds first gives waj 
in some particular point, probably the weakest, — suppose at 
A, fig. 3 ; — the electrical agency then meeting with continued 
resistance from the non-conducting particles of air, is often 
turned into a tortuous course. Suppose it arrives in this 
way at some point, m, in the vicinity of a ship at kf the 

be accumulated on thick glass or on tliin, die result U the same ; It u merely 
the iIltcll'^it^ as tndicatea by the electrometer which rhnnges. 

Now the term free electricity, applies to the greater or lesser influence 
cf the opposed coetltig in rttpeet or other bodiM. In the case of the op. 
poted Btiittcei of the clouds and earth, all the chaiige m ne c eii a rily free 
electricity, since there exists no other point upon which it can tend to dis- 
charge. In the same way the electricity of the jar, when the coatings are 
very near, if nearly all redimdan^ or me dectricity, in respect of tne ac- 
tion between them, although latent in respect of other bodies. Hence with 
a moderate accumulation, the electrometer exhibits but a small intensity, if 
any. The only ditT rence at the time of the discharge, is in the position of 
the discharging circuit, which in the case of the clouds and sea, is directly 
in tliO interval of separation ; and as we find the principle of induction al« 
way? active in cases of liuhtiiing, the thickness of the stratum has eviflcntly 
no influence on the conditions of ihe accumulation, especially wlien we 
consider the great extent of the opposed surfaces, which may possibly be 
20.000 or more square acres. Dr. Faraday has shown that no distance 
skciudes the inductire action. 
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question whether it would strike upon tlie mast at j/ would be 
deterniiaed bv the resistance in the direction of m ^ /*, as 
compared with that io any oilier direetkm m, B ; wbetlier^ In 
ftd^ it would be earner to bfeek down the femaining air in the 
direeiloa 11 B| or otherwiie the air in the directkm m jfi 
suppating the sbip'a meat to IMlilate the progrev m that 
direction* 

1 7. Let the charge however strike ia the direction m tf, and 
to ffdl upon the mast, — ^then in proceeding to its ultimate desti- 
nation, VIZ. the plane of the sea B, its course is still determined 
bv the same [xeneral principles; that is to say, it sei'/es upon 
Jill those bodies which tend to assist its pi oarttss, and which 
at the same time happen to be placed in certain relative posi- 
tions, and upon no others, lulling with destructive effect upon 
intervening bad conductors, and exhibiting in non-conducting 
interrab all the efihets of a poweHnl expansf? e force. If we 
eacatniiie eatefolly the eonne of diediarges of lichtnbg on 
ihipe In eome faandred inttanoes in which damage hae enraedi 
we shall And this efbct invariable. The damsge has always 
occurred where good conductors cease to be oontinaed^ and 
the destructive consequences most apparent are those usually 
produced by expansion. The calorific effects, except as de* 
pending on this cause, are really inconsiderable ; there are 
com[)aratively few insttmces in whtcfi metallic bodies have 
been fused, and no instance in which a bolt or chain of any 
OOnsiderable ma^^nitudt- has been even much heated. 

The followitig experimental and namral illustrations oftheSO 
facts will be found conclusive and interesting. 

£xp. 1. Lay some small detached pieces of leaf-gtrfd a, 6, 

df KC. on a PiMO of paper, as representsd in fig. 4 ; pass a 
dflM shock or eleetricity over thess^ from iheoommeneement 
at A to the terminatioQ at B» so as to destroy the gold ; the 
line which the discharge has taken will be thus shown by the 
blackened parts ; the result will be as in fig. 5, in which we 
oereetve the course of the discharge has been in the dotted 
une a, b, d, e,/, g, A, /, being the least resisting line ; and it 
is parlicirlnriv worthy ofremarV, that not otiIv are the pieces 
c, A: untouched, being from iheir positions ot no n-c in taciiita- 
ting the pro'rress of the charge, but even [jortions of other 
pieces, which have so oi)eratcd, are left perfect, as in the 
transverse piece i and poitions of a, e, and / ; .so little is 
there any tendency to a lateral ili^ehar^e, even up to the 
point of dispersion of the metallic circuit in which the charge 
aas oroeceded ; indeed^ so completely is the efieet confined to 
the line of least resistances diat peroussbn powder may be 
pilaeed with impuni^ hi the Interval between the portions dm 
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Now the separate pieces of leaf*goid thus placed, may be taken 
to represent detached conducting masses fortiutoubly placed 
along the roast and hull of a ship. 

Exp. 2. Let a thin continuous line, f»» be passed through 
tlie separated pieces, and a dense accumulation discharged 
over the wholes as in the preceding case. The effect willbe 
as represented in fig. 6. : the discharge will be confined to the 
liT^e of lefist resistance; and we mav perceive in this, as in tlie 
iormer case, that those pieces, or parts of pieces, out of the 
track of the discharge, are not affected ; thus a part only of the 
piece ^ is destroye<l, also of the piece /, whilst other pieces, 
bt d, e,J\ ly which in the former case, wlicie the continuous 
line, a, b, was not pi e-suiu, were blackened by the discharge, 
remain here perfect. 

Exp. S. If the continuous line Af B (figs. 7, 8) be assisted 
by other comparatively short collateral branches, amdefdCf 
having one common connexion at B, then a dischaige which 
would destroy the line A, B, will divide upon these auxiliary 
lines, and the part B will either escape, or the whole will 
suffer together. 

I'xp. 4. Pass a discharge ovci- n strip of gold-leaf, as A, 
i'l'^. '2; every pnrt of it, ns indicated by the last experiment, will 
participate in tiie shock; and if it be of uniform density and 
thickness it will be everywhere equally affected, so tiial one 
poruoii will not be destroyed without the whole. This result 
will be readily distinguished from that represented at <^ and i, 
fig. 5, where the masses lie across the track of the discharge. 

The diagrams here referred to, are copied from the actual 
eflbcts of tSe electrical discharge in the way above mentioned. 

18. These experiments are instructive. They evidently 
prove^ that an electrical explosion will not leave a good con- 
ductor, constituting an efficient line of action, to fall upon 
bodies out of that line. Mr. Sturgeon's assertion that a con- 
ductor on a ship's mast would optrale on the magnzine is 
tiierefore c|uite unwarranted. Besides, we have many instances 
of the masts having been shivered by lightning into tlie step, 
whilst acting as partial conductors, witnout any such conse- 
quence; as happened in the Mignonne in ilie West Indies, 
toe Thetis at Rio, the London, Gibraltar, Goliath, and many 
others. Instead, therefore, of a conductor on the mast being 
dangerous, it is absolutely requisite as a sourceof safety to the 
ship^ by confining the discharge to a given line and leading it 
to we sea. 

1 9. It was from a careful consideration of the common ef* 
fects of lightning, and from such experimental facts as those 
above mentioned, that I was led to su^^t the propriety of 
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fitting continuous conductors of lightning of great capacity in 
the masts of ships, linking them bv efficient ooniiiiinilcatioii% 
together with the principal detached metallic bodiei in ihe 
hiul, into one general contmuoos system^ and finally connect- 
ing the whole with the sea. These oonduetors consbt of two 
laminae of copper-sheet, varymg from one inch and a half to 
five inches wide, and being together nearly one-fourth of an 
inch thick; they are inlnid so as to be fair with the surface of 
the mast, ntul form n series of shut-joints ; they are otherwise 
so ronslructcd as to present an uninterrupted line of action 
from the highest point to tlie sea. TIk metfiod has been par- 
tially used in the British navy for se veral yea: :ind has licen 
proved in every way efficient In no case ha^ auy ol ilic ves- 
sels fitted with them received the slightest damage, althoujgh 
firequently exposed to severe thandef8torm% and in some tn-> 
stances actiiailv struck by heavy discharges similar to thai 
which fell on the Rodney in December, 1SS8*. 

20. If we consider attentively die effects of this shock, we 
shall find them in complete accordance with the principles just 
stated* The attendant phsenomena were of the simplest kind, 
and such as have always occurred in cases of ships struck by 
lifrhtning not having n cofitinuous conductor: e.g. the elec- 
trical dischai ge, in tbrciiig its way between the sea and clouds, 
over resisting intervals, and between discontinuous metallic 
mavises, waa productive of a violent expansive eiiect in these 
intervals ; causing at the same time a considerable evolution 
of heaL There was really nothing particularly remarkable 
in this Instance I the oonne of the diseharge was a very simple 
aflair, beinff, according to the law of electrical action jost ex- 
emplified (Exp. S), in the line or lines of least resistance from 
the highest point to the sea : thus the coarse of the discbarge 
was^ as re|msented in the annexed diagram, along the masts 
and riggins, upon the general mass of the bull and sea. The 
vane-spinule a, upon which the accumulation was first con- 
centrated, was of course -overely dealt with. From this, being 
probably n^^isted by ilie moisture on the surface of thn wood, 
it glanceti omt the royal pole to the head of the top-gallant 
mast at ^, wIu.k. it found intermediate mcUiilic assistance in 
the copper iuuiicl tur the top-gaiiuni digging: iVuui tliis, liic 
resistance in the mass of the ^^lod appears to have been less 
than that on itssurfiice, probably from the long interval of air 
between the funnel andf conducting bodies about the cap be« 
low, the roast was therefore split open as far as the cap at c. 
Here again it was enabled to stnloe over the suriace of the 

* See a letter Id the Nsnticid Msgidne for Deosaiber 1898^ lif lieut. 
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mast upon the inetala aboot the parrel of the top-iail-j^tnl 
at d, vheie the aceamulatioD became again concentrale4f pn^ 
ductag a poimfiil expansion and heating efiect ao (ar as the 
lower cap at and thus it passed along per ioUum over the 
lower mast my from one me- 
tallic mass to another, until 
witliin a striking distance s 
of the sea nnci hull, it di- 
vided upon the liull ^iiul sea 
in convenient direction^^ s ?i, 
s o, s ji. In this coui ae, as 
indicated by ilie waving black 
line Q, 6) dy &c., it evidently 
souflht assistanoe from all the 
oondncting matter it oould 
'seise upon ; snob as the wet 
ropesi the copper funnel for 
top-fpdlant rigging at b, the 
iron work ana other bodies 
about the topmast cap at r, 
as filso the men in the top- 
gal Ian L crosstrees at r. The 
charge evidendy dividt 4i up- 
on them in propoi uoti to the 
assistance each could aiford 
as a small auxiliary circuit, 
as in Exp. 3; the men near" 
est the mast would be no* 
oessorily in the more direct 
oooFM of the discharge, the 
others would be more or less 
so according to their respects 
ive positions; that these 
poor fellows who were killed 
suffered in this way as being 
confine 1 1)1.^ to parts of the 
charge is cvidint from the appearance of the bodies. Mr. 
Sturgeon calls Lsjiccial attention to the circiimstnncc of the 
men being thiuwii m ()))|)( directioiis, and iliinks it remark- 
able ; but how couiU iL be otiierwise? the intervenini? nir 
being caused to expand violently from a ceiui al jjuint, would 
necessaril;^ operate as a central force ; surely iliere is nothing 
very new in this. About the parrel of the topsail-yard at 
we should espect again powerfol cfiects; for here again the 
charge became concentrated, and set the sailf ^ 
This is qnite in accordance with the known laws of deetiiGal 
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action; thus we find the points of ingress anil egress of an 
artificial charge, when caused to fall on ii slip of gold leaf or 
other matter, are always those m which the most powerful 
effect arises ; and when we desire to fire inflammable matter 
by ekclricity we place it directly between detached metallic 
points. 

SI. The circamatance of the lightning striking over portions 

of the wet mast without damage, is precisely the same effect as 

observed in certain cases of artificial electrical discharges. Thus 
a very slight film of moisture will allow a jar intensely charged 
to discharge a luminous ball over a long strip of glass. Dr. 
Franklin found he could destroy a dry rat by an electrical 
shock when he failed to hurt a wet one. If we continue to 
follow the discharge we find similar expansive and destructive 
effects ; such us the bursting of the hoops on the masty 3cc*^ 
&c., which will sometimes occur aad sometimes not. 

22. There is really nothing in all this to call fur especial 
remark, except we may observe, as shown by the experiments 
already described, that ifa flood capacious conductor had been 
inoorpofated with the mast from the truck totbe roiAallic masses 
in the hull and to the sea, then these ejmamive and destructive 
eftcts could not possibly have occurred; since the interrupted 
circuitwould have beenavoided) and the intense electrical action 
have vanished, or nearly so, at the mastrfaeady for it would 
have no longer been driven to force its way in a dense explo- 
sive form to the hull and sea: of this we h,n e the most com- 
plet*' evidence from experience, particularly in the cases of 
the sliip^ jjiruck by lightning having sucii conductors as those 
ju^il aliudedto, curiously enough quoted by Mr. Sturgeon as 
evidence lo llie conti aiy. It seems a strange svay of disproving 
a fact to quote those who> having been eye wiuiesses, insist 
upon its truth. That the electric matter finally distributed 
itself upon the hull as weU as on the sea» is evident from the 
circumstance of the casing of Hearle's pump at ^ whicb 
led through the side under water beliu; shivered ; from the 
vivid electrical sparks below, and from me usual smell of sul- 
pliur in the welly and appearance of smoke in the orlop-deck. 

23. The interrupted circuit therefore to be traced here, is 
first from the vase-spindle to the copper funnel of top-gallant 
rigginir: 'Jnd, from this to the conducting bodies at tlic heel 
or the top-gallant mast; .Ird, thence to ihe nietaliic masses 
about the parrel ol" topsail-yard; 4th, between this and the 
metallic bodies about the head of lower mast ; Sth, from this 
ovci ihe detached metallic bodies on lower niast. ; finally, from 
lower mast to the hull and sea. The ellect ofihis shock oflight* 
ning appears to have been somewhat palliated by heavy rain* 



Digitized by G< 



128 Dr. Kane on a new Compound qf Ferrocyamde 

Although Mr. Sturgeon has gone far out of his waytotwiil 
these phaenomena into an accordance with certain theoretical 
▼iew8| and sets them up as being of an extraordinary kindy 

they are nevertheless of a very simple character, and are 
merely illustrative of a few well-known laws of electrical 
action. 

[To be continuud.j 



XXL Ott a new Compound qf Ferroejfonide of Pdiasihrnif 
mith (hfomde of Mercury, Bv Robert Kanb, Af.Z)., 

fx had frequently occurred to roe to notice that, in the pro* 
cess for obtaining cyanide of mercury by the action of 
fenrocyanide of potassium on sulphate of mercury, it was 
necessary to observe accurately the equivalent proportions of 
these substances, in order to ensure success* If any ferro- 
cyanide of potassium were present in excess^ a corresponding 
deficiency in the quantity of the cyanide of mercury always 
occurreil. I at last traced this circumstance to the i'nct, that 
the I'errocyanide of potassium in excess combines witii the 
cyanide or mercury, to form a new substance so similar in ap- 
pearance to the former of the two, as to be very easily con- 
founded with it and thus rejected in the crystallizations. 

This new salt is most easily prepared by dissolving together 
in a moderate quantity of water about one part of ferro- 
cyanide of potassium in crystals with two of cyanide of mer* 
Guiy. On coolings the new salt separates m the form of 
rhomboidal plates of a rich yellow ooloury almost as deep as 
that of ferrocyanide of potassium. When heated, these cry* 
stais lose some water and become whitish and opake, then 
blacken and yield cyanogen and mercury; the usual products 
of the decomposition of ferrocyanide of potassium remaining 
behind. 

With a protosalt of iron, a solution of this new compound 
yields Prussian blue, and indeed, every reagent which acts 
on eiiiiei constituent gives its characteristic reaction wiUi lliis 
new body. 

For its analysis very simple mediods were sufficient. 
Forty grains dried at S00<^ Fahr. lost 2-Si of water or 5*78 
per cent 

The remaining 57*09 grains were dissolved in water, and 
then decomposeaby a stream of sulphuretted hydrogen. The 
anlphnret of mercniy waa collected and dried. It weighed 

* Coaunanicated bjr the Author, 
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23'^ grains oorrespondlug to 58*75 per ceat oontAiniog 50*13 
mercury, equivalent to 63*05 of cyanide. 

The liquor from which the merenry hed been thus 8ep»- 
mted, was evaporated carefully to dryness^ and the salt oi>> 
tallied wasdopnvedof all water of crystaUiatatiOii by exposure 
to a temperature of 300% ontil it ceased to lose weight. It 
then weighed 31*38. It was pore dzy fiBmeyanide « potas- 
stiun. 

A quantity of the new salt etjual to 50*4 grains was ig- 
nited and icinerated; the residue then treated by muriatic 
acid, and the iron thrown down by ammonia ndded in excess. 
The oxide of iron weighed contained oi metallic iron, 
corresponding to ^'^1 per cent. 

The liquor after the separation of the iron was evaporated 
to dryness^ and ignited ; tnere remaned chloride ofpotasstmn, 
equal to containimjp 6*51 potassiam or 18*91 per cent 

This new salt* tfaerelSre» contained 

Mercury. 50'13 
Iron 4*47 
Potassittm ••••••••••••• 18*91 

Water*,«...«.«....M.«. 5*78 

Loss and cyancgen 86*71 



100*00 

The relation is exactly sucli that the mercury employs 
half of the cvanogen to form cyanide of mercury, and the re- 
mainuig hair forms wiih the potasamm and the iron common 
ferroGjanide of potassiam : the result as calcnlatsd should be 

3 atoms mercury ..«• 304*2 50*26 

2 — potassium ......... 79*4 13*11 

1 iron ...» 28-0 4*62 

6 ^— cyanogen 157*8 26*07 

4 — ^ water*.,... 86-0 5*94 



605'4 100*00 

Tfie existence of tliis salt is of considerable practical im- 
portance, as it shows the necessity of avoiding nny excess of 
ferrocyanide of potassium in preparing cyanide ol mercury; 
an error into which, from lautives of oeconomv, the manu- 
facturmg operator would be peculiarly liable to laii. 

8^ Oloucertsr Street, DuUifli Dae. 23^ 1880. 
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XXII. 0?i the Decomposition of the Neutral Sulphate of 
the Peroxide qf Iron by bQtling Us Solulion* Bjf Th. 

SCHEERER.* 

A CONCENTRATED solution of the neutral sulphate of 
iron may he heated to boiling without becoming opnke, 
but if one part of this salt be dissolved in 4-0 parts oi' water, 
continued boiling precipitates traces of a basic salt, which in- 
crease so ns to ibrm a considerable precipitate the more the 
!»oluiion is diluted with water. 

This salt is a combination of sulphuric acid, peroxide of 
iron and water^ in the Ibltowtng proportionit 

74*70 peroxide of iron. 
12*57 sulpliuric acid. 
12*70 water. 

99-97 

Thus it consists of 6 atoms of the peroxide of iron» S atoms 
of sulphuric acid^ and 9 atoms of water; the theoretical 
coropositioiiy tberelbre^ would be 

74-46 

12-71 

12-88 lOOOO 

and accordingly the formula of Berzelius is 2 W8 + 9 Hp 

or2(FeS +8Fe) + 27U« 

According to the nomenclature of Berzelius^ this salt may 
be called the eight^fold basic sulphate of the peroxide of iron. 
The oxygen of the water amounts to the half of that in the 
oxide, being quite analogous to the five-fold basic salt which 
is produced by the oxidation of a solution of sulphate of iron 
in the open air. 

Dried at 212- Faljr., this salt forms a dark orange yellow 
powder, its colour being lighter in proportion as the solution 
IS previously diluted, and the less it is boiled. It is not 
dissolved by water, but pretty readily by acids. At a tenn 
perature below a dull red heat^ it loses its water and becomes 
of a dark brown colour. At a red heat the sulphuric acid is 
ezpellcd and the peroxide of iron is left behind. 

Experiments were made to discover how much of the 
sulphate of iron was decomposed by various degrees of dilu- 

• Communicated by the Author, to whom we bw to return our kind 
thanks. The present cxtrart forms the subttince of two distinct articles, 
publit^hed in Foggendorff** Jniuilem, vol. xlii. p. 104, and vol. xliv. 
p. 45d. — Edit. 
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lioos which may be determined by the quantity of the salt pre* 
dpitated. The resulti were as mllows : diatmved in 
100 parts of water, 0*309 precipitated. Opncity com- 
menced at 203'' F. 
200 — — 0-558 — _ 158 

400 — — 0*749 — — — 137 

800 — — 0-806 -- — — 122 

JOOO — — 0-912 — — — 117. 

If 1 part of the sulphate of iron was dissolved in lO'OOO 
pnrts of water, the solution became opiike even at the temper- 
ature of about 63 F. which was that of the water employed ; 
but if it was afterwards iitated to boiling, not a trace of ii oii 
ooidd be detected in the solution filtered from the precipitate 
either by ammonia or by tincture of galls. The above quantities 
are mere approximations to accuracy, as in tlie first placey 
during the boiling of the solution, more or less water b eva- 
porated* by which the degree of dilution is altered ; Sndly, 
the water which is condensed in the upper part of the tube 
ngain falling down, causes a momentaiy increased dilution* 
and consequent!}^ an increased quantity of the precipitate; 
and Srdiy, the boiling point is he!i:^Htcned the greater the 
quantity of salt of iron dissolved in tiie water. Nevertlieless 
tne result of the experiments is sufficiciuly accurate to al- 
low of our establishing the following law with respect to the 
relative quantities ot tlie peioxidu oi uun leaiulning in solu- 
tion after bdling : fViih a 200-fold and greater dilution^ ike 
^mniitiei <f the peroride iron remaining in toheHon are 
fn fiRMrfe ratio io the dUvtion, Indeed if these quantities.are 
calculated aoording to the above-mentioned proportions, we 
find approximatively that, 

With a 200-fold dilution* ^ of the peroxide of iron re> 

— 400 » 1 ^ mains diss<^ved. 

— 800 ^ I — 

— 1000 — — 

This progiesbion, however, is not generally exact, for in- 
stance by a 100-fold dilution ^ds of the iron should remain 
dissolved. 1 he law tberelbre is approxiumtive only for the 
central members. 

If a solution of the neutral sulphate of the peroxide of iron 
is mixed with a solution of the neutral sulphate of potash, the 
same basic salt is precipitated without any part of the potash 
altering into the combination. The properties of the solu- 
tion of sulphate of iron now describee! mav be employed to 
separate the peroxide of iron from some salts. The neutral 
sulphates of manganese, nickel and cobalt have no acid re- 
action upon litmus paper like the neutral sulphate of the per* 

K2 
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oxide of iron. If therefore one of these sulphates is mixed witli 
the latter in solution, by fur the greater portion of the iron 
nmy be precipitiUeci by saturating, asi nearly as possible, the 
solution with potash, and the remaining portion of iron may 
be thrown down by dilution and boiung* It remains only 
to be observed that no other acid than sulphuric acid must 
be present^ and that the solution nearly saturated must be 
diluted with at least twice or three times its quantity of 
water. 

This method may not only be employed with advantage in 

preparing pure oxide of cobalt, but also in analysis. When 
no error has occurred, the iron is perfectly free from cobalt, 
although the cobalt may sometimes contain a slight trace oif 
iron. 

During the preparation of pure oxide of cobalt from the 
roasted ores, arsenious or arsenic acid is constantly present 
This need not first be separated by sulphuretted hydrogen, 
for it Is precipitated» cm treating it in the manner above de- 
scribed, as arseniate or arsenite of iron.^ It is» however, better 
in this case to add to the solution previously to saturation a 
quantity of the sulphate of the peroxide of uron, as other- 
wise there might not be a sufficient quantiQr of iron present 
to take up tlie whole of the arsenious add, and then arseniate 
or arsenite of cobalt would also be thrown down. 



XX 11 1. A Mtikod nj determining by mere Inspection the de- 
rivatives Jrom tvoo Equations of any degree. Bu J. J. Syl- 
VE8T£K, i'ljO. andB,ALS^ Prcjhsar^ Natural Philosophy 
in Unvoenity College^ Londcm,* 

LET there be two equations, one of the wtb, the other of the 
mtli degree in x ; let the coeiiicicnts of the first equation 

be On a^^x On— 9 Oq , each power of x havioff a co* 

efficient attached to it, a» belonging to and to ue con- 
stant term. 
In like manner let 

bm bm^i be the coefficients of the second 

equation. 
I begin with 

A Rule for absohUely elminatitig (x)* 

Form out of the {a) progression of coefficients (m) lines, 
and in like manner out of the (6) progression of coefficients 
form (Jt) lines in the following manner : 

* Communicated by the Author, bee tiie Decciubcr aud January iSum* 

b«rt of thii Msguioe. 
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1. (a). Attach (m—1) zeros all to the right of the terms in 

the (a) progression : next attach {m — 2) zeros to the right and 
carry over to the left; next attach (7?^ — 3) zeros to tlie rigljt 
and carry over 2 to the left. Tioceed in like manner until 
all the [m—\) zeros are earned over to the letl and uone re- 
main on the right. 

1 he {tn) lines thus formed are to be written under une an- 
other. 

1. (b) Prooeed in like manner to htm n linei out of the 
(^^^l^^resnon by scBttaring (n— 1} zeros between the right 

2. If we write these (n) lines under the (m) Unes last ob- 
tained, we shall have a solid 8(]nare (si+») terms deep and 

(m + n) terms broad, 

9. Denote the lines of this square by arbitrary characters, 
which write down in verticnl order and permute in every 
possible way, biu separate tiie permutations that can be de- 
rived from one another by an even number of interchanges 
(effected between contiguous terms) from the rest; there will 
thus behalf of one kind and lialt of another. 

4. Now arr ange the (/» + «) lines accordingly, so as to ob- 
tain ^ im-^n . w-f-w — I 2.1) squares of one kind which 

shall be called positive squares, and an equal number ui the 
opposite kind which shall be called negative. 

Draw diagonals in the same direction in all the squares; 
mnltiply the coefficients that stand in any diagonal line together: 
take the snm of the diagonal products <^t£» potiiwe squares, 
and the sum of the diagonal products of the n^aiive squares ; 
the dif^enoe between these two sums is the prime deriva- 
tive of the zero d^gree^ L e. is the result of elimination be- 
tween the two given equations reduced to its ultimate state of 
simplicity, there will be no irrelevant factors to rejecti and no 
terms which mutually destroy. 

Eiample. To eUminaie between 



<f «• hx + c = 0 



I write down 



a 


b 


c 


0^ 


• • • 


(1) 


0 


a 


b 


c 


• •9 


(2) 


I 


m 


n 


0 


*- 

« a * 


(9) 


0 


I 


m 




• • • 


(4) 



I permute the four characters (1) (2) (3) (4) distinguish- 
iog them into positive and negative; thus I write together 
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Positive Permutations, 



1 


2 


3 


1 


2 


3 


2 


1 


3 


4 


4 


4 


2 


3 


1 


4 


4 


4 


1 


3 


2 


2 


1 


3 


3 


1 


2 


2 


3 


1 


4 


4 


4 


1 


3 


2 


4 


4 


4 


3 


1 


2 


3 


2 


1 


3 


2 


1 


again 




Negative Permtdatioris^ 






1 


2 


3 


4 


4 


4 


t 

2 


. 1 


3 


2 


1 


3 


2 


3 


1 


1 


2 


3 


4 


I 


4 


I 


3 


2 


4 


4 


4 


2 


3 


1 


1 




2 


3 


2 


1 


3 


1 


2 


3 




2 


3 


2 


1 


4 


4 


4 



I reject from the permutations of each species all those 
where 1 or 8 or both appear in the 4th place, and also those 
where 3 or 4 or both appear in the Ist place, for these will 
be presenUy seen to give rise U> diagonal products which are 
aero. 

The permutations remaining are 

Positive effectual permidtationt. 



1 


3 


3 


1 


2 


1 


4 


3 


3 


2 


1 


4 


4 


4 


o 


o 



Uegaihe fffectmt permuiationst 



3 


1 


1 


3 


1 


4 


3 


2 


4 


3 


2 


I 


f 




4 


4 











I now accordingly form four positive squares, which are 
a b c o I m n o I m n o a b e o 

o a b c a b e o, o I m n I m n o 

' I m n o 0 a b c a b e a o I m n 

0 I m n o I m n o a b e o a b c 
Drawing diagonal lines from left to right, and taking the 

sum of the dta^nal products, I obtain n^ii* H- /^ff + 
Again, the four negative squares 

1 m n o a b e o a b t o I tn n o 
a b c 0 0 I mn I m no o a b c 
o I m n I mn o o a b e a h c o 
o a b c o a b € o I m n o I mn 
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give as tbe sum of the dugout prodiwCi 

be i . e I b m c -\- a m b n -r '2' a c I n. 

Thus the result of eliminating between a£^^bx-\-c=^0 

ought to, and is 

BuleJbrj&Mig the prim dirtmHmo^ ike let d^itee, mhM ie 

^ AeJheM A d?"*B« 

I. Begm as before only atteeh one sero less to eaeh pto- 
gresaion ; we shall ibns obtain not a sqnare, bnt an oblootf 
broader than it is deepb containing {m-\-n—t) rtmh and 
(ai<f terms In each row: in a wordy (in+if— f) rowsi 
and (m 1) columns. 

To find (A) reject the column at the extreme right, we 
thus recover a square arrangement (jn-|- it 2) tierms, broad 
and deep. 

Proceed with this new square as with the former one; the 
diflerence between the sums of the positive and negative diago- 
nalproducts will jrive A. 

To find B, do just the same thing, with the exception of 
Striking off not the last colomn, but the last but one. 

Bide for Jtnding the prime derivative of amf degrMt ssy lilt 
rlh, viz. A,..4C*' — Ar->i x'^ + 1 A^* 

Beffin with adding xeros as before, but the number to be 
added to the (a) progression Is (m— r) and to the (b) pro* 

gression (n — r). 

There will thus be formed an oblong containing {m + n — 9r) 
rows, and [?n ^ n -r} terms in each row, and therefore the 
same number oi' columns. 

To find any coefficient as A, , sti ike olf all ilie last (r+1) 
columns except thai which is {s} places distant lioni the ex- 
tieme right, and proceed with the resalting squares as before. 



Through the well-known ingenuity and kindly jirolLiicd 
liulp of a distinguished li iciul, i trust to be able to get a niu- 
thine made for working Sturm's theorem, and indeetl all pro- 
blems of dcrivaiiuii, aliei ihe method liere expounded ; on 
which subject I have a great deal more yet to say, than can 
be inferred from this or my preceding papers. 

Urnvsni^ CoUege, Londom Ju. 16, IM. 

[TabscontinusdL} 
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XXVL KewResem'^mikeirwnaiwrqftkeBaeHanCdiii- 
tradiotis, especialljj with reference io the JSHphnatiott given 
M. duules. JB^ J. O. Halliwell, Bsq^ 

1HAVE tbe pleasure of placing before the Teaders of the 
Phflosophical Magazine a complete explanation of the first 
tract in No. 343 of the Arundel MSS. in the British Museum ; 
and that I have been able to accomp]bh this desidei atuin ai^ 
fords me the greater gratificatiou, because in so doing I am 
fulfilling tbe wish of the patriarch of English Literaturef. 

The manuscript referred to, sometimes called the Ments 
Marmsc) fpf, is a small quarto of the twelfth century, on vellum ; 
and the first tract, entitled dc Arte Nnmeraiidi, consists of four 
leaves only, unfortunately being imperfect at the end. A frag- 
ment from the recto of the first folio is lithograph ed in the 
appendix to the Rara Mathematical which serves to show the 
style of the manuscript and the forms and names of the con* 
tractions. 

The treatise itself commencea with an exphmatum of the 
increasing value of i^iuy andras» ht^ in the different abacal 

compartments; in pomt of lact, a definition of abacal nume- 
ration dependent upon the principle of local decimal value. 

It is important to notice that, after this explanation, the com- 
piler gives the usual definitions of digiti and ariiculi, clearly 
showing by that his comprehension of their future valnc. It 
is remarkable that everything stated is subservient to multi- 
plication and divibion, no notice whatever being taken of addi- 
tion, subtraction, duplatioii, or mediaiioii ; — a plain proof, if 
any were needed, that when the boundaries were abolished, 
and wlieu an attempt at a generalization of the Jocal system 
was made, artificial methods w ere adopted to come to tbe same 
oondttsioDS. Now I would ask M. Litoi, or any <me who 
agrees with him» how he can possibly account for such a 
oumsy, prtBNtvre^ yet most in^ioos, method of avcnding 
abacal difficulties, it we suppose that the writers of the thir* 
teenth and following centuries derived their arithmetical know- 
ledge direct from the Arabs ? 

And now for the modus operandi : and in order to render it 
intelligible to every reader, let ns take the first example in 
multiplication, on account of its great simplicity : — 

Sint ergo iHj. pedes equi, unusqakque habens vj. clavos." 

Arbas is to be placed in the lower part of the singular arc 

* Communicated by tbe Author. 

i HttliamS Inurodactisa to cha Literatsre of EurDpa dnri^ the Middle 
AfM|Val«i«p« 151. 
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(arctts 8ingularis)| and in the upper putt of the same arc is 
placed chalcus '^cjuiisi fiiDdamentam multiplicationis," But 
in the actual multiplication recourse is had to the common 

Roman notation, and the result of the multiplication of arbas 
and chalcus in the siiii^ular arc is xxiiij. Then the sy stem of 
articuli comes into operation, and the articulus of this uuniher 
(S^) is andrasy which, bij the principle of local position and of 
no other i is placed in the deceual arc. Now I \voul([ ;i>k Af. 
Libri, in reply to every one ui his ar^miieiiLs, how can we 
possibly suppose a rule of this nature with its full explanation 
to exist, without allowing its author to have possessed the 
knowledge of the value oflocal position ? The decenal arc is 
made use of in a simple but masterly manner, and the articulate 
system is invented to avoid the principal difficulty. The digit 
/ arbaSf it is almost unnecessary to obsen'e, is placed in £e 
singular arc^ and thus we have the complete number repre- 
sented. 

. In higher numbers tlie ccntcnal, millenal, and other nrcs 
come into use. The iollowiug rule is a fair specimen of the 
methods employed : — 

Cum autt rn per decenum nuikiplicabis singularem, dices 
hanc regulam decenij — Decenus quemcunque arcum multi- 
plicat, in secundo ab eo pone digitum in ulteriori articulum," 
fol. 2| r^, the reason of which is obvious. Thus, in the MS.» 
the operation for finding the square of twelve Is as follows:-* 





■ 










1 








2 









6 1 


1 


4 ■ 


4 




2 


4 



proceeding in a most complicated manner, but merely using 
the simple formula 

m,{np) = mnp^ or, 12 X 12 = 12 x 2 x 6 = 21 > 6. 

in which latter case the above rule is applicable. This rule 
is afterwards generalized. 

" His pateiactis, oculus mentis aperiatur ad subtilitatem 

divisionis;" but as the same system is carried out, precisely 
similar to tlie methods of Johannes dc Sacro-BoscOf I do not 
consider it at all necessary to repeat tlieni. 

Gerbert uses the Boeliaii ii actional notation*, and I con- 
sider this fact a grand argument tor his acquaintance wiih the 
Boetian contractions, if, indeed, the passage in the geometry 

• Pezii The:iaunis, ton. t MVi ii. col 19. Quod abeci>t» fociUimuro 
•It.*' /6td.col.30. 
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of Boetius w«9 not introdnoed by him* It does not appear 
to me that mocb aotbori^ ought to be given to the well- 
known passage of William of Malmsbury,* as far as it is 

supposed to prove that Gerbert brought the knowledge of the 
abacus from Spain: and, as Professor Peacockf so well ob» 

serves, " the pnssnge of this historian contains no certain in- 
timation of the knowledcfe of the notation by nine figures and 
zero, as the rules which woultl bo thence derived, would tend 
rather to relieve thnii increase the labours o( the sweating 
calculatois,"— a i>adantibm abacistis vix intelliguntur, 
N(nv liad the question of the Boetian contractions been 
broaciied when trofessor Peacock composed his history of 
arithmetic, he would immediately have seen how evidently thb 
passage refers to them> and this supposition would have ex- 
plained bis doubts in the remaining part of his argument. 

In the treatise of Berhelinus in the Bodleian liuraryl, the 
Boetian contractions occur explained bv Greek numerals,—' 
a most singular and important fact, ami one which affords a 
very strong argument (or what M. Chasles has stated at p. 474^ 
of his Apn-rn Hisfnrfque. En passant, this is also an argu« 
ment for the aniicjuity ofthis nrtificird abacal system. 

A<^'ain, what ditlerence is there between the sj'stem of the 
Greeks, the system in the Mentz Manuscript, the system in 
the passage in Boetius as satisfactoi ily ex})lained by M« 
Chasiesy and the Arabic method ? I mean with regard to 
first principles}. All, in fact^ are contained in the mowing 
formula) which is the general expression for any finite num- 
ber: — 

where a,^ a„ Of* Om are digits^ or integers less than the 
radix 10. 



XXV. On the Permeability of various bodies to the Chemical 

Hays, By Robert HuNr.|| 

tTAVING many years since repeated, with much interest, 
^ ^ the experiments of Wedgwood, Davy, and Wollaston 
on the chemical iniluenco of lighty it was with much pleasure 

* Wngbt's Emtjr on Anglo-Saxon Utemture (p.* 66). 
t History of Arithmetic, p. 415. 

X I possess a tratr^cript of thh manuscript, but, having mislaid it, am 
compelled tu defer any commentary on it till M. Chaales has published 
bit edidon. 

I M. ChvlM* Jperfu HUtorique, p. 474. 

II ComflMiiiiaUed by the AutDor« 



■ Mi l iii i itHii t6 ike CkmM Rays. \m 

that I rtad Mr, Tdbot's paper oo photographic drawiuff, 
wbkk flpeiMd to me new vlewi* end poimra oal petha rich 
ia the pfoBiie ef Importaot icaaltt. 

The vast tent of delight which the pnmiit of thia avt^feet 
dating tfaemnC jfear hea aflbrded me, iiMkes me a large debtor 
to that eruaita geudamaoj whkh I tfaea bembly, but abioaielyt 
adnowledge. 

My first endeavours in the photonrnphic art were directed 
to restoring the natnrnl order of light and shadow ; and I 
fortuDatel)^ succeeded in t jit cting this very early in the sum- 
mer of 1839. My lu xt were to imjirove the camera for pho- 
tographic piirposL's, ill uliicli object I was most iiiaterinlly 
assisted by Mr. John Towsoii, ot liiis town, wlio, liavinn; di- 
rected much of hia attention to optics, furni!»heu ine in* 
IbmubNi imd imtremeDta by wbieb my progresa waa greetly 
•eeelenitid*. 

Hmagf In conjunelion with thk oentleiMnif wbQe trying 
• verie^ of lenaea, been nften perpmed by die dMmilar 
nealta obtained on the •ano paper from diflTeient kinda of 
rinMi I waa indnced to eonanience a series of experiments on 
Uie interference of tnmap«f«nt bodice to the permeation of 
dMmieal light. 

The same subject ha^. 1 am informed, engaged the atten- 
tion of two scientific inquirers on the continent ; but beyond 
a brief notice of M. Edmond Becquerel's experiineots in the 
Athenieam, No. 621, I am perfectly unacquainted with the 
methods or results of their observations. 

Bein^ anxious to obtain a measure of the interference of 
the wiona bodiei I wee ebont to onamine, 1 conatmctad a 
ynsTf delicate galiwnometMr*-4he coil bebig of ribbon copper 
nod the needleaof FVnichwatdi«8pfbig« To this instrument I 
connected, by platina wires, a U tube, is suggeated'by MrBeo> 
4|IMiel in h\%Traiti d^Mkctricite^ which hela in one arm a solu- 
turn ofnitfttteof ailver, and in the otharn aolntion of iodide of 
potasshim. £very part of the tube wa.<; screened from light, 
except the lowest point, at which the fluids met. On this 
jH)lm, by means oi a powerful lens, a concentrated jKiicil of 
li^lit was thrown, which was mnde to ]inss through the bodies 
to In^ examined. The Ibrce ot elccuo-chcmical action being 
dependent on the quantity of chemical li^ht impinging on 
the exposed portion of the lluidsj led nic naiut ally lo con- 
clude that the deflections gf the needle would furoiah very 
nccorate comparatiye reanlts* I liaTe alio tried the plan M. 
Becquerel adopts, of flgeting one photometric fluid upon 

• 0aa JU and E. WL Mag- Ibr Neranbw tait, tel. at. p. J61»«^Bdit. 
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snothor. £xperience hM» however, convinced me that the 
galvanometer* Although capable of being made in the hands 

of a skilful manipulator a very accurate measurer of the diur- 
nal valuations ol the quantity of chemical rays in the sohir 
beam*, cannot be depended on where a series of nice com- 
]>Hrisuns are required. I have never yet been enabled to ar- 
iivu at precisely the same results by this instrument in any 
two seU ui obi>ei viilioiis ; every thiii cloud or the lightest 
smoke materially altering the ddSectioos. I have, however, 
found it of use in giving me near approKimations to a correct 
arrangement. I procMd thus : having by the ealvanometer 
tabulated a number of bodies^ I select those whose interfe- 
rence seems to approach near each other* and place them in 
reguUir order* under the same circumstances, upon a sheet of 
highly sensitive photographic paper in a dark room; then 
opening the window-shutters, expose it for three minutes to 
the direct influence of the solar rays, or for twice that time 
to (liflu^ed daylight; again darkening the apartment 1 ex- 
amine the tints at which the paper has arrived under each 
body, and mark their correi>pondence or otherwise with the 
observations by the galvanometer. By carefully repeating 
many times each set of experiments* T am enabled to correct 
sroaU errors of observation. 

I use yet another method to test the correctness of the 
foregoing processes* which consists in filling a camera with 
the fluid or gas to be examined* or interposing the solid body 
and receiving the sun's ima||e on a disc of silvered copper* 
prepared according to the prmciples of the Daguerreotype. 

As many simple contrivances will sn ingest themselves to 
tliose who are desirous ot repeating the experiments, it may be 
sufficient for .me to state, that my apparatus is simply one 
cylinder sliding within another for the purpose of adjusting 
the focus to the dificrent densities of the bodies, and that the 
photographic dtsc is protected from the fluid or gas by a 
piece of tested plate ipass well greased around the edges, as 
are also the cylinders* throughout their length. 

This plan may appear open to some of the Sections I have 
urged against the galvanometer ; but, as from the sensitiveness 
of the preparation an exposure of thirty seconds is sufficient* 
you are enabled to select your moments of observation* and 

* Long prior to the publication of the speech of M. Arago en the re- 
port of the Commismm on the Daguerreotype, both Mr.Towton and 
myself had remarked that the light of roornine acted mans powerfully oa 
photographic preparations than the evening Tight. Tt)C paper ^vhich at 
nine in the morning became in ten minutes a rich purple bronze, took 
aim oit twice tlMt tine to mcb the nne hue at three in theaflen»ion. 
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using the galvanometer at the same time to mark the intensity 
of light, try every substance under precisely the same circum- 
stances. Having completed the exposure of a series, I place 
all the discs in the mercurial vapour-box together, and the 
instant the impression appears the strongest, remove them and 
carefully compare efl'ects. 

The followlog are the results I have arrived at by these 
means. At the bead of each series I have placed the mean 
permanent deflection of the galfanometer needle, firom ten 
careful experiments with each of the bodies included within 
it. By this means a comparative tiew Is gi?en of one series 
with another. 



Series X.^D^kctumW SOP. 

Nitrogen 

Atmospheric air 

Oxygen 

Hydrogen 

Carbonic Acid 

Carbonic Oxide 

Steam (invisible) 

Nitrous Oxide 

Water 

Alcohol (absolute) 
iEther (sulphttric) 

Series 2.— Deflection 20**. 
British Plate Glass 
Iceland Spar 
Carbonate of Soda 
Nitrate of Potassa 
Ditto, if^«v/ and qpake 
Camphor 
Sulpharic Acid 
Hydrocyanic AGid(SGheele's) 
Nitric Acid 

Series S.—D^ectim 18° 80". 
Crown Glass 
Flint Gbtts 

Mica 

French Plate Glass 
Alum 

Gum Arabic 

B. Plate and Crown CiUss 



German Plate (with a pink 
shade) 

Two pieces of Crown Glass 

Purple Fluor Spar 
Nitrous Acid Gas 
Iodine Vapour 

Series ^.—Defection 17° Idf', 
B. Plate and Flint Glass 
Flint and Crown Glass 
Three pieces of Crown Glass 
Three laminse of Mica 
Creosote 

Oil of Aniseed (German) 
— rej)perniint (English) 
— — Rosemary 

■ Savine 
Four pieces of Crown Glass 
Amber ^ 
Green Fluor Spar 
Oil of Lavender 

Caraways 

Cloves 

Canada Balsam 
Series S Deflection 4** 86'^ 
Green Bottle Glass* 
Chlorine 

Protoxide of Chlorine 
Bromine (vapour) 

(liquid) 

Lightly-smoxed Glass 



• I have been much surprised at i»oine of the raiuiufacturing chemiiU 
in Loodon leocBnc out th«r hydrocyanic acid and other eaiily dMOin|KK 
sable preparationsin bottles o( purple: gla&s, which offers no inUmiptiea to 
the cbeoucid np. Park ^reen glaM ihould be subetituted. 
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It is necessary I should slate liiat the results are likely to 
be diflTerenlly recorded by difi'erent observers, unless the 
game photographic preparation is used in ail cases. I have 
been in the habit of usin*** a paper washed with a solution oi 
the muriate of baryta and liiirale ot silver, while it is yet damp. 
The sensitivenehb ol this preparation may be shown by the 
fact of its being acted on vei^ decidedly in five minutes by a 
gas flame from ft ten^holed Ai^gaod burner. On this paper 
uie tints are blue under greenisb glasseiy while under those 
inclining to a yellow thev are redcush. If a paper prepared 
with a solution of the chloruret of soda be usedi the tints are 
reddish under the green^ and bluish under the pure white or 
yellowish glasses. 

The above list does not contain all the bodies I have ex- 
amined, but they are all I am satisfied to place in, a determif- 
nate position. 

Kot having tlrduced any lixed principles Irom my observa- 
tions, 1 may appear to act prematurely ; but as it is probable 
the same subject may be engaging tlio^e whose minds and 
means are superior to my own, and as it is possible even my 
humble experiments may be of service to such persons^ I M 
myself excused ftom the charge of obtrusiveness. 
If, Comwnll Street, 0evooport, January 2, 1840, 



XXVL On an anomalous Electric Condition qf Iron. £jf 

Martyn J. Roberts, Esq, 

To ike EdUcrs qfthe Philosophical Magazine and Journal, 

OlllTLBMBN, 

|T is now some months since, that while prosecuting a series 
of novel salvantc experiments, I discovered a singular 
ancmialy in 3ie electric condition of iron, which 1% that 
although iron if associated with copper as a galvanic pair is 
highly positive to the copper, vet when associated with zinc^ 
it IS more highly negative to the zinc than copper would be 
under similar circumstances; or in other \vords, that althonch 
copper and iron form a galvanic coinbi nation, in which the 
iron is in the same relation to the copper that a zinc piate 
would be, yet that iron and zinc form a galvanic pair that has 
a ^1 caicr power of generating electric action than a similar 
sized pair ot copper and zinc. This singular pheenomenon 
will, 1 believe, lead the way to some important discoveries ; 
but not to occupy too much space in your valuable Journal, 
I will without further comment give extmeto IhmA my note* 
book of some experiments made by me on this sulject. 
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Jan. 1st, 1839. A galvanic combination of iron and zinc 
was pot in commimicfttioD idth two poles of a diiTerential 
galvanmneter ; a like-«iscd combuiatkm (or gal. pair) of copper 
and sioc was comicctad with the other two poles of tbe in 
grivanometer : Deviation of needle in fiivoor of the iron and 
line pair := 25 degrees. 

Feo. 27) 1839. Experiments made on the comparative 
power of two galvanic Imlleries fitted up on Wollaston's 
plan (that is with the negative plate opposed to both surfaces 
of the zinc or positive plate.) The size ol the plates was the 
same in both batteries, viz. zinc plate 2J inch, by 2,* inch. 
Hie number of pairs in cacli battery was ten. llie only 
difTerencc btiwctii die lvm> baLieries was, that the negative 
plates in one were of copper and in the otlier of iron. 

The exeiting solution was dilute sulphuric acid, which was 
not renewed during the experimenl» but the experiment was 
continued until the acid was exhansted. The power of each 
batU^iy was applied to the decomposition of water, and the gas 
collected was the measure of the power* 

RESULTS. 

Battery oj Copper and Zinc* 

The first cuIhc inch of ges obtained in S3 mif)utes. 
Then one hail cubic inch ••• in 92 miatUes. 



Acid was now exhausted. 1^ cubic inch iu 126 minutes. 

BotU^ytf Iron wnd Zinc 

First cubic inch obtained in 7 minutes. 

Second — — — in 9 minutes* 

Third — — — in 26 minutes. 

Fourth — — in 62 minutes. 

Acid now exhausted. 4 cubic inch, in 104 minutes. 

Iron battery with a measured quantity of add gaire 4 cubic 
inches in 104 minutes. 

Co]>per battery with a like quantity of acid gave only 1| 
cnbic inch in 125 minutes. 

I have hooour to reoainy 

Gentlemesy yonn^ te. 

Dec. 16, \m. Maryy:^ J. iiuii£Uii>. 
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XXVII. Notices reading Neu) Books, 

B are happy to annouoce the publicatioii of the Pirefiiee, General 
IndezeSf &c. to this heeutiful work, which is now eon^fi^ti, 
after sixteen years of ahnoit unremitting application on the part o£l3ie 

nutlior. ITie sixteen volumes which, if arranged systemHtically as 
projiospd by Mr. Curtis, will form eight, contain illustrations of all 
the Genera of Linnseus, Fabricius, and Latreille that are recorded as 
natiTe groups, as weU aa moat of tlie intereating discoreries that have 
been nmde foe many years past, oompnemg 770 copper-plates, giving 
fiuthful figures of our wild flowers, as weU aa the insects, beautifbDy 
coloured and finished with the greatest care. The letter-press, 
amounting to nearly 1 700 pages, altliough scientific, contains concise 
aecounts of the liii^lury and oecononiy of every group that is interest- 
ing and familiar to us, such as the Hive-Bee, Wasps, Cockroaches, 
mlecrieketa &c. ; and tiiete are two tiiick Tolamea of the Battsrifies 
and MotkB. 
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[Continued from vol. xv. p '144 ] 

Nov. 6. \ NOTICE of showers of ashes which fell on board the Rox- 
1839. burgh, at sea, off the Cape de Verd islands, February, 
1839, by the Rev. W. B. Clarke, F.G.S., was first read. 

Hie cijeet of tlua eommnnicatwn is to legiater an inteieating oc- 
oorvanoe, thoagh theanAorp o a aca a ca no diieot evidence of its pio- 
bable cause. 

On February 2, when the Roxburgh was in latitude *2P 14 N., 
long. 25° 6' W., the wind, which had blown from the north-east 
durii^ the passage from i^iymuuth, changed to the east and south- 
aast, and was acoorapanied witib a tiiktkhase of apecniiarkiad. Hie 
same description of weather prevailed on Hie 3id, when the ahip waa 
off St. Anthony, one of the Cape de Verd islands. 

On Feb. 4, the latitude at noon was 14*" 31' N., long. 25« IG' W. 
'i'he sky wa.s overcast, and the weather was thicker tlian before and 
insullerably oppressive, though the thermometer was only 72°. At 3 
P.M. the wind suddenly lulled into a calm, then rose from thesouth- 
weat* and waa accompanied with vain, and liie air appeared to be 
fiUad with dust, whiebaffectedtlieeyaaofthepasaengenand crew. At 
10^ P.if . the wind returned to the east and blew strongly. During 
the rontirnmnce of the haze, which was as thick as a November focr, 
and exten di <1 nil around the horizon, dust was gradually deposited 
on every part of the ship that offered a lodgement. At noon, on the 
5th of February, the Roxburgh waa in lat. 12'' 36' N., long. 24° 13' 
W., tfaermoaieter 72**, barometer 30^, the bei^t at wbioi it bad 
stood dnring tbe voyage from En^and. The vdScanic laland Fogo, 
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one of the Cape de Verds, ^vas about 45 miles distant. The wea- 
ther was clear and fine, but the sails were found to be covered with 
an impalpable reddiiih-brown powder, or altindof tdtaiated pumice, 
which Mr. diurke says resembled many of the aahea ejected from 
Vesuvius, and was evidently not sand blown from the African de* 
*iert. On the Gth the wind returned to the south-east, aod the wea- 
ther afterwards resumed its ordinary characters. 

The circumstances connected with these atmospherical changes in- 
duced the author to infer that they were due to an eruption in the 
Cape de Verd group. 

In June, 1822, we ehip Kingston, of Bristol, bound to Jamaica, 
while passing near Fogo, had her sails covered with a similar brown- 
iah triturated pumice, wliich it is stated smelt strongly of sulphur. 

Mr. Clarke also mentiuny the follo'W'ing instances of similar phe- 
nomena ou the authority of the officers of tiie Kuxburgh 

In the lat of the Canaiies, and long. 35^ W., ehowen of aafaca 
have been noticed two or three times. At Bombay the decks of the 
vessels were on one occasion covered to the depth of an inch with 
dust, which was 8U]ipo?ed to have been blown from Arabia. 

In January, 183b, dust was noticed by the crew of a vessel na\n- 
gating the China tea, a considerable distance from the Bashee islands, 
one cl which had been prerioaily teen in eruption*. 

In 181S, aahes fell on the deck of a imcket bound to the Brazile, 
and when 1000 miles from land. 

Mr. Clarke also mentions the ashes which fell at sea during the 
eniption of V^esuvin- in 1822, and 400 miles from that volcano; 
likewise the reddish dust which fell in the south of Ittdy and in Sicily 
on the 16th May, 1830, as well as in 1S07 and iS13, during eruptions 
ol Etna, and at first attnhoted to thoee outburets, but afterwards 
fennd to be sand similar to that of the desert of Africa. During the 
eruption in May. 1830, a caravan perished beneath a whirlwind of 
sand, and similar storms occurred during the eruptions of 1807 and 
181 :it. 

A letter was then read from Mr. Caldcleugli, dated Bt. Jago de 
Chili. 18th February, 1839, containing the following translation of 
the declaration of the master and crew of the Chilian schooner 
Ihily. 

" I, the undersigned, Jose])h Napoleon Escofier, master of the said 
vessel, and with the corroborating evidence of my crew, declare as 
follows ; — 

" This, the 12th day of February, 1839, at ten minutes past 9 
o*dock in the morning, being inUt. 33^ 32^ S., and 74'' 32' W. long, 
of the meridian of Ca£z(80r 51' W. of Greenwich), we felt an earth- 
quake, which lasted more than a minute. The noise which accom- 
panied it was similcir to tiiat caused by the rnnning out of a heavy 
chain cable. At fifteen minutes jjast 7 o'cU clv of the same evening 
we saw an island rising out ol the »ca, ol ihe height of Curauma 

* Mr. Clarke believes that this is the first announcement of a volcano in 
ihnt group. 

f Bulletin, Soc. Geo!. France. 

Pkil Mag, S. 9. Vol. 16. No. 101. Feb. 1840. L 
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Point, bearing eouth 79"W. by compass, distant from six to uaie mikis. 
A consider able time afterwards the island divided itself into the form 
ol two pyramids, ffcie imt nortfaem on* oromUed away diagonally 
towtidi the nuitii, tad tiie southern oaa disi^iwand in pieoei* fbe 

base however always rtmaining abova tba anifiMe of the sea. At 

lia1f-]>a'=t 7 o'clock the sarae island appeared again, or it? pi/e lie- 
came considerably increased, but shortly ofterwnnl« its sumuiit be- 
came flattened. At thirty-five minutes paxt / o clock two otlier 
ialaads appeared to the southward of the first. Of these, the SMft 
southern bore soa^ W west. The thiee islands appeared to nm 
IB the directioa of norlli and south. The sea broke with violence 
upon tlieir shores and seemed violently agitated. In the distances 
between these i^lande nothin£^ was visible but chains of rocks, amofig 
which a ^TPiit explosion was discernible. 

" At ciglit minutes before 8 o'clock, the most northern island was 
iSM only oaa visible i it appeared mocih biclier tliia belore, and of 
the shape of a sugar loaf. The darimass of the ni^t pnmted «• 
seeing the other two islands. 

"The following (hy. the IHth of the month, at a quarter past 1 
o'clock in the monaug, the liirboard watch and myself saw at inter- 
vals a light in the same direction as the islaQdjs, south 72*^ west, 
which appeared to be caused by a volcano. 

Position of the most northern island: 

Long. W. of meiidian of Cadii, 70» {WW W.ofOrssawidi.) 
Let. 8 M.., aa 34. 

FlMitton of the most ^nnihcni islAud : 

Loug. W. of meridian of Cadiz, 70' 31' (76" di' W. of Greenwich.) 
Lat, ;}3 40. 

" I consider my longitude to be correct from having sigiitcd Juan 
Fmuidaa on the Uth, at 8 o'clock in the nuxming. and oompaiad 
its battingawMi my iatitoda by obeemiticMK 

Signod, &c. &c. &o/' 

Mr. Caldcleugh adds, the master of another vessel roj^crtcd that 
the islrtnds" bore 30 leagues due east of .Tnnn Fernandez ; and that a 
ship had beta despatched from Vr]j anusu to diiscover whether tbey 
remained above water or had crumbled awu)'. 

The larger Cnranma Fduit» referred to intbe dedaratian* Is ablnff 
point, about 400 ftet ia lidtlit» and tLtnatod to tonthwaid of 
Valpasmiso. 

A letter wne next road, addressed to fhurlrs I. veil, Esq., V. P.O. S., 
by John HiKldU , F.G.S., on depressions produced in the sur- 
face of the ground by excavating beds of coal. 

Babeidence of the surface invariably follows the working of Uie 
■nlJaMt beds of ooal wbeit eofloient supports aia not left* but tlie 
oKtent of tlic subsidence it govamed by the following citeiluwMBiota : 

Ist. The depth of the seam of coal b^ow the sumce* 

2nd. The thickness of the sepm or scams remored. 

drd. The nature of the strata between the surface and the seams 
of coal. 

4tii. Wliether the pillars of coal are wholly or partially nvdoid. 
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If the depth from the surface dues not exceed 30 fathoms, and sand- 
■toDM fonn the predoniiiaiit stntt, the sabiideaoa » about aqnal to 
Hm thickneM of the team of ooal ramoved ; bnt if motal-itona ooa- 
idlate the greater portion of the intervening mass, the amount of de* 
prcssioQ in the muttM it leet. Thie rule is oonaklered to hold good 
at all depths. 

The de^c of sub>iJciiv-e docs not depend so much on tlie thick- 
ttess of the bed of coal, as on the entire remoTal of it ; but Mr. 
Buddie iCetM, that ho hee had no opportmiitifla of mtHdng oonaet oh* 
•enrations on the relative effect produced in the surface, if a 00a« 
siderabie portion of the eoal be left, although quite inadequate tolho 
support of the superincumbent strata, the s\ibsidence is retarded. 
This is more particularly the case in the Newcastle system of work- 
ing, where reotaiuplar pillars are left in the hrst instance and after- 
iviDrde removed. Tu working these pillars, stooke or bloeka of ooal of 
eoDdderaUa strength are left as prope to proteet the ooOlefB ftom 
tbe eziblialion ef the roof ; and though a subsidence of the super- 
incumbent strata invariably takes place, yet the extent in the first 
instance is governed by the degree of resistance of the ?fnaks ; and 
it frequently Iiappcns, that a Inrirc tract of a coal mine remains for 
scTeral years only filled in part, and without any perceptible change 
ooenrring* In eonrso of time, hoivever» ftom toe eKfoltation of tSo 
stooks and the opeiatioo of the atmosphere, a fiiither sabsideiioe« 
called a seoood creep, takes plaee, and generally oontlanea until the 
excavation is completely closed. 

In the Yorkshire system, by whirh all the coa! is taken out in the 
first instance, except small pillai>. the roof being principaily sup- 
jKvted by wooden props and stone pillnrs, the subsidence of the 
etnta takee plaee immediately after the eoal is removed, and there la 
no second settlement. 

It is only where water accumulates on the surface or a railway 
traverses a coal-field, that the amount of subsidenoe can be accurately 
ascertaineil . 

In one instance, mentioned by Mr. Buddie, the excavation of a 
bed of coal 6 feet thick, one-fourth having been lift ha etooks," 
t(ht of the bed torn the aoiiaoe being 100 fathoma, and the 
cyviriying alratn ptincipally sandstone, tba amount of subsidence WaS 
ahoT^^n hy the accumulation of a pond of irater» to have been ralhet 

Biori- rhan :5 fort deep. 

In another instance, it was t lujd necessary to restore the level of 
a railway three times, in consequence of three distinct sinkings of the 
aniftoo having foQowod the encoeselve eacavatfaig of three seams of 
noil* The tract in (|nestion is of a quadrangidar form and about 89 
acree in area* and contahu the foUowfng five seams of coal : 

C0Sl> ' dvOibslow thetioAMi TTitckncsii. 

£tth. a. in. 

1. The three^iuartey sesm Mi 1 8 

S. The five-qunrter «...•..,»•.....»..•. 62 3 G 

9« llie high main •.••••.«. 73 ••••••• G 3 

4* He Maodlto ...................... ................. 5 0 

167 
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The high- main seam was first worked, thea the Maudlin, and af- 
terwards the Hutton, and the removal of each was attended with a 
depression in the line of the railwtiy. Tlic extoiit of each settlement 
was not measured, but the whole amount wa^ 5 feet 6 inches, the 
aggr^ate tliidoMii of the waais bdn^ 14 feet II inches. This 
small effect Mr. BucUle explains by showmg, that the nOway passes 
near one end of the ezcavi^ed tnet, and tl^t metal-stone predomi- 
nates over sandstone in the superincumhent strata. The working of 
the five-quarter seam is now in progress, and the effects occasioned 
hv the removal of the three lower seams arc well exposed. Innu- 
merable vertical cracks pass through the coal, its roof and pavement, 
hot they are perfseHjr cloae except snmnd the margin of the settle* 
meat. Along this luie the strata are bent down, the ctaeks in the 
pavement are frequently open, forming considerable F. ^nreStthe coal 
is splintered, and the roof-stone is shattered. In the interior of tiie 
settlement tlie ])avement is as level and smooth as if it had never been 
disturbed, and the cracks are quite close, passing through the seam 
without splintering it or prcklucing any efifect except that of le&der* 
ing it tougher, or, in the language of the oollieis, " woody." This 
efrect, Mr. Buddie conceives, may be attributed to the escape of the 
gas, and he states that it is sometimes produced by other operations, 
when the coal is said to ha *' winded." The smoothness of the ]>ave- 
ment, he is of opiniou, i.s due to the direct downward prcbbureuf the 
superincumbent maj>s ; and he states, that iie has never noticed any 

tendency to a sliding or ndeway movement in an;|^ sabaidcnoe of 
strata occasioned by the worldqg of the coal, excq»t the stig^t ob> 
liquity occasioned by the offbreak at the sides of the setdement. 

fTo be continiied.] 



ROTAL A8TBONOMICAL SOCIBTY. 

Iheemhtr 14, 1839. The following communications were read:— < 
On the parallax of Birius. By Thomas Henderson, Esq. Astro- 
nomer Royal for Scotland. 

The luirallax of Sirius, the brightest star in the heavens, has 
been several times the subject of investigation among astronomers. 
From the Yuiations of the sen^ distances observed at Paris, the 
second Cassxni inferred a parallax in declinatioa amonntiag to six 
seconds of space ; and, from similar variations in the obasrvatioos of 
La Caille made at the Cape of Ciood Hope, some astronomers have 
deduced a parallax in declination of four seconds. Piazzi has also 
obtained from his observations a parallax of the same amount. On 
the other hand. La CaHle's observations of zenith distances made 
at Paris, more numerous and certain than those made at tiie Cape, 
do not exhibit any sensible parallax ; and the observations whidi 
have since been made in the observatories of EuiopSy would appear 
to lead to the same result, as no parallax has ever been deduced 
from them. In the Fundamenta AsiroHomi^, M. Bessel h.n? in- 
vettigated, from iiradley's Ohsen'ationa of Differences of iiight 
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Asoemion of SiriuB and a Lyrtt, the sum of the porallazes of the 
twu stars, and has found it to be an insensible qnantity. 

ITie extensive series of observations of Sinus, made with the 
mural circle of the Obser\'atory at the Cape of Good Hope, is well 
adapted for the investigation of the parallax, as the observations 
possess some advantages over those made iu Europe. The star is 
near tiie seaitfa ci the Cape, and tiie temperature is nearly the same 
ivhen it passes the meridian at noon in June, and at midnight in 
December, the periods of the greatest parallaxes in declination ; so 
that the irrcciilarities and uncertainties of refi-action, which affect 
observations m Europe, mnv be supposed to disappear. 

From iVjay 1832 to May 183^, ninety-seven observations of Sirius 
were made by Mr. Henderson with the mural circle at the Cape 
Obeerratory* of which sixty-three were made by durect vision, and 
thirty-fbur by reflection ; and in Mr. Maclear's printed observations 
of zenith distances, made with the same instrument, there are sixty- 
seven observations of the double altitude of the star, made between 
August 1836 and December 1837. Each of these series of obser- 
vations was made in one position of the telescope upuu tiic circle, 
so thst in each series the similar observa^ons were referred to the 
same divisions. 

The observations made by Mr. Henderson have been reduced in 

the same manner as were thoee of a Centauri, given in his memoir 
on the parallax of the latter star. (Monthly Notice, Vol. IV. 
No. 19.) The declinations of Sirius have been determined by com- 
parisons with such of the principal or standard stars as were observed 
on the same day ; and it is consequently assumed that» in the obser- 
vations of the stars of comparison, any errors which may ari^e from 
supposing their parallaxes to be insensible, and the coefficient of 
aberration to ])e correctly assumed, neutralize earh other. The 
mean declinations of the standard stars of comparison have been 
taken from the catalogue annexed to the autlior's " Memoir on the 
Declinations of the Pnnciral Stars the absolute places of the stars 
are not required, but only their relative positions with regard to 
each other. 

Mr. Maclear observed the double altitude of Sirius, or the an- 
gular distances between the star seen l)y direct vision and by re- 
flexion at the same transit over the meridian. These are independent 
of the obeervations and assumed pomtions of other stars, and are 
affected by twice the amount of ttie parallax in declination. Ob- 
servations of this description appear to be the best adapted of any 
which can be made with the mural circle fw the investigation of 
small variations in the declination of a star. 

In the reductions of Mr. Henderson s series the constant of 
aberration has been assumed — 20'''50; of Mr. Maclear's, = 20'''36; 
in the reductions of both the coefficient of lunar nutation has been 
assumed = 9"' 25, and the annual precession and proper motion 
have been taken from the Tabula Regiomontana. 

Mr. Maclear's observations arc suitable for determining the con- 
stant of aberration; the correction to be applied to it has been 
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therefore introduced ai an unknown quantity into tlie eqnattons of 
conditioii ; and, from the value which is obtained, we may judge of 

the detprce of accuracy with wliirh the yinrnllax is determined. 

On rc«olviijcr, by tin raethud ol lainimuni t^quares, the two sets 
of equatiuus, and cumbiuiiig the results according to their relative 
weights, the greatest effect of parallax in deolination is found, from 
the whole of the 331 ohserrtttiona, s + 0"'15 ; and the greatest 
effect of aberration in decUnation, s 13"*07. These quantities are 
to the total effect of pnralkx nnd aberration in the proportion of 
18"* 13 to 20"-50, whence the final results are*— 

Parallax of Sinus (or the angle subtended by the radius of 

the eardi's orbit, at a distance equal to that of the star), s: 0"*2S 
Constant of absRation m 90*41 

The error of this determination of the parallax may be estimated 
not to exceed a quarter of a second, as it is almost certain that fte 

constant of aberration is not in error to a greater amount. On the 
whole, it may be concluded that the parnllax of Sirius is not greater 
than half a second of space, and that it is probably much less. 

A Cataloprne of Twenty-seven Stars of the Pleiades. By M. Bes- 
sel, Director oi the Obserratory Konigsberg. 

The catalogue was computed by M. BeMd from meridian obser- 
nutions made by himself and his assistant* Dr. Bu^che . It contains 
the positions, annual precession* and its secular variations in A and 
declination, together with the proper motions* and a comparison 
with Piazzi's catalogue. 

In a letter addressed to Mr. Baily, containing the above cataloguct 
M. Bessel announces, that the observations respecting the pandlax 
of 61 Cjfpti* have boen continued through a second year; and that 
the result of this new series will agree very nearly with that of the 
first. The publication of tbr tih^jervations will be delayed for a few 
month'', in order to obtain a more certain determination of the pro- 
per motions whicl\ the two small stars compared seem to pos&ess ; 
and he adds, that uithough the weight of the former result was suffi* 
ciently great to leave no doubt about the teal existence of the nar- 
allax, it is gratifying to see its quantity so very nearly confinnea by 
a second series of observations. 

A J>etter from ^T. Valz, Director of the Obsenatory at Mar- 
seilles, to the President, Sir J. F. W. Herschel, Bart., relative to the 
Variation of the Apparent Diameter of Encke's Comet. 

After adverting to some oibjections suggested by Sir John Her- 
schel {Mmoir$ Sf the Royai AtironomhtU Society, vol. vi, p. 102t) 
to tiie theory by which M. Vols explains the changes observed in 
the apparent diameters of some comct.«, when near their perihelia, 
namely, the condensation of volume produced by the pressure of an 
ethereal medium growing more dense in the vicinity of the sun, the 

• Abstracts of M. Bessel's observntions on the pflrallflx of the star fil 
Cy//'" will be found in Lond. and Edinb. Phil. Mag, vol. xiv. p. f^S. '2'26, — Ed. 

f An abstract of Sir J. Herschel'i paper appeared in Lond. and £dinb. 
Phil. Mag. vol. ii. p. SSd.-^Eoif. 
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author proceeds to give his own ob«orvution? on Encke's comet, at 
the time of its last perihelion passage in iH38, when it ai)peured 
under circumstances favourable for observing the nebulosity. He 
states that he was able to follow the comet tiU the evening before 
the perihelioii panage ; that ha dhicmd it to diminiih rapidly, vad, 
sflnr himg prodigiously raduoed, to mdt avoj.aa it were, under bis 
9fm, disappearing only in consequence of its extreme smallness, in- 
asmuch as its brilliancy should, from its position* faA?e CODtinwed to 
increa^je. Tlie observation's arc as follows: — 

On the i)th and 10th of October, the nebulosity subtended an an- 

fle of 20', but it diminiBliftd oootiAuaUy after that tone. On tht 
Sth of Oetobcr, ho fint ramiiked it to beeloogotodinthodifactioB 
of the sun ; and the elongation oontintted to inerease until the 25th 
of October, when the greater diameter appeared to be double the 
smnller, after which it began to diminish. The most luminous part 
WH- not at the centre, but at the ]>uiiit opposite the sun. On the 
2utii oi October, the nebulosity was reduced to io', and the real 
▼olnne was then eighteen times smaUer than on the lOdi. On Uie 
$th of November, w nebnloeity was 13', and the volome reduced 
to l-40th. On the 13th of November, the nebulosity was 11'; on 
the 16th, between 8' and 9' ; on the 20th bcrween 6' and 7'; on the 
23rd, 4' : on the 24th, 3', and the real volume, 826 times less than on 
the 10th ot October. On the 29th of November, the comet could 
no longer be seen in the evening twilight, but it reappeared on the 
morning of the 7th of December*. On the Ifithof Deeember it ap- 
peared as a star of the fifth ^^egP^t^^?f ; and its diameter was less 
than 20", being entirely covered by a wire of that thickness. The 
volume deduced from thi« apparent mn£rnitude would be 80,942 
ti!ut» less than on the 10th of October. On the 14th of December 
it ajppeared feebler, and e^ual to a star of the sixth magnitude, witii 
iHueh it wai compared; ita diameter wai then eethnntad at 15"« 
On tho lOththeoometapiMaiodaaafllafof thoaemthmagnitnda* 
and its apparent diameter was from 10" to 12". Qm, the 1 7tn it was 
reduced to the eighth mn^mitude at most, and its apparent diameter 
was from 7" to 8". Ou ihc 1 8th of December il \vu?? entirely invi- 
sible, nlthoufrh stars of tlu •^c\en!fi and eighth mairiiituclcs wvre 
aeen m iIa neighbourhood. i< rum. liie&c comparisons it appcara that 

the real diameter mnat htm nndeigoBa » diainwiion ftom the 10ft 
of December*, when it waa fiiat oboorfad in the moraing, unlfll the 
IBth, when it finally diM|q»eared. 

A Letter from Professor Schumacher, to Francis Baily, E^q., nn- 
ununc'm^ the Discovery of a Gomct by M> QaUe« imiitfint in the 
Berlin Observatory. 

The comet was discovered on the 2nd of the present month, 17^ 
45" mean tuno (Berlin), in the iwniiiiiatwm Ftryw. Oonpartefr it 
by tim great refracted, with a star of the tenth magnitude (which 
star was immediately conparad with y Firyftiii), M* GaUe obtained 
tho IbUowiag poMtiona 

Tiierc- mu&t be some error here in the d8^&, — Lnix. 
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11 21 45 
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12 38 25-18 

1 J .JS 28-26 

12 ;J8 32-3R 
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— 2 10 22-8 

—2 10 13-9 

—2 9 57-3 



12 as 39-63 

These observations give its daily motiou in AK, 2** 12', in decl. 
+ 0° 19', It hab a well-defined point, as a nucleus, M'ithiu the 
uniform nebula, which;, opposite to the sun, expands in the form of 
ateU. 

Tables for the Calculation of Precession, for tiie ywur 1825, of 
Stars observed by M. Bessel in the several Zones, from — 15** to -f 
15^ Declinatioii. By Dr. Max. Weiaee, Director of the Obserratory 
at Cracow, 

Observations of Moon and iMoon-culmiuatiog Stars, Eclipses of 
Jupiter^s StteUttes, and Oceoltattons of Fixed Stars by the Moon, 
made at tlie Observatory of Paramatta, in New South Wales, in the 
year 1838, by Mr. Dunlop. Communicated by 8ir Thomas Mac* 
dougal Brisbane, fiart. 

XXIX* InUUigence and MisceUawous Articles, 

THEORY OP S U B8TITUTION8. — ^ACETIC AND CnLOBOACamc 

ACIDS. 

M DUMAS has lately read the following note ou these sub* 
• jects to the Hoyail Academy. 
*' In a previous memoir I have shown that chlorine deoompoMS 
acetic add under solar inflnenee, sad tiiat tt gives lise to a new 
add, which I can ebloioacetic add. On this occasion I expressed 
Tny opinion that acetic acid and chloroacetic acid belong to the same 
chemical type, one being rcj>rr«<?ntpd by C^H^O* ; and the other by 
C'H-O* CI'*. I endeavoured to generalize this view, and to explain 
bow these types might serve to group oiganic bodies into well-cha- 
laeterized classes. 

" M.Berxelias, not admittuigtlie tbeory of snbslitnttoiiB, has gnren, 
as soon as he became acquainted with my memoir, a refutation of 
the views announced in it. He conHder? acetic ncid nnd chloro- 
acetic acid as very different from enrh other, because tin \ have not 
the same density, nor the same boiling point, nor the same odour, ^c."^ 
" M. BerasUns has certainly not nadentoodiriiatl caH the fiakbt-^ 
awala/ i irojwrlfet of a body, iiw I hafa king kimi^ 
the bird rogen of a compound by diioriae it is rendered more dense 
and less volatile, and at the same time the density of its vapour is 
increased. It is thprcfore perfectly clenr to mp tl',nt thv obif^rtions 
made by M. Berzeiius are not at all directed lo ilic views which I 
iro«iki really express. In order tiierefm-e to avoid any fresh misuu* 
demanding, I shaU cndeavmir to ittostrate my opimoD by aa ex- 
ample. In cansing cbloRMOStio add to aet upon an alkali, I ob- 
served a very remarkable reaction. The acid was converted into two 
new bodies, namdy, carbonic add, which combined with the alisali, 

* Seeoor last Namber, p. 1. 
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and chloiofonn, which was set free. We have therefore 

C H 0* CI'' = C* 0« + C« H« Cl«. 

" I was convinced, and I had to a certain extent anDounced it in 
my memoir, that ar ctic acid would produce an analogous reaction : 
that is to say, under the influence of an excess of base it would 
change into carbonic acid and a carburet of hydrogen, the formula 
of wfieh would be C* H*, After some trials I perfectly succeeded 
in ]»rodaciag this remerkable reactioD. It is only necessary to mix 
10 grammes of cr3r8ta]Uzed acetate of soda with 30 or 40 giammes 
of caustic bar^ tes, and to heat the mixture very sli<^ht]y in a retort, 
to ellect the conversion of the acetic acid into carbonic acid and a 
gas, tiie formula of which is C* H". 

" lliis decomposition is quite perfect: the residue is perfectly white : 
not the slightest trace of oil or of pyroacetic spirit ia disengaged, nor 
any vapour, except the water wmch accompanies the gat. The 
analysis of this gas by the eudiometer proved that it was formed, as 
is commonly stated, of one volume of vnpour of carbon and two vo- 
lumes of hydrogen. This is j^rccisely the composition of a n-n- vAnch 
chemists have never been able to produce, I mean light carburctted 
hydrogen (gaz dea marais). It is imposaible not to observe the con- 
nexion which exists between light carburetted hydrogen, produced 
by tiie spontaneous decomposition of vegetable substances, and that 
resultinir fmm tho final decomposition of acetic acid, wbichhasbeen 
itself produced by the destructive distillation of wood. 

'* I intend to perform a complete cxarahiatiou of this gas, and to 
foUow out an examination of reactions analogous to that which 
caused its discovery. At present I confine mysdf to announcing in 
a distinct manner that the gas H^, corresponding to chloroform 
CI", according to the theory of j^ubstitutions, has been pro- 
duced by chloroacetic acid ; that is to say, that acetic acid and chloro- 
acetic acid possess the same fundamental properties as I had deter- 
mined} and belong to tlie same organic type." — L'lnstitut, 



MTBONIN, MYROMIC ACID. — ^BSSEMTIAL OIL OF MUSTARD, 

It results from the experiments of M. Bussy that there exist in 
the farina of mustard seed two principles, the reaction of which, 
under the influenro of water, gives rise to an essential oil. One of 
these is a peculi i: acid, which M. Bussy calls myi-onic acid {fivpoy 
essence), and the other is a substance which hvi» great analogy with 
albumen, and which he calls myrofua. 

Hie properties of these substances are as follows ; 

Myronicacid is inodorous, it exists in mustard combined with pot- 
ash. Myronate of pot.i^h is a salt which is soluble in water, per- 
fectly cry stalliz able, inodorous, colourless, of a l)itter taste, and de- 
composable by heat. The myronic acid, which may be isolated, 
combines also with soda, barytes, ammonia, and yields salts, which 
like the myronate of potash develop essential oik under the influ- 
enoeof myronin. 

Myronin ia a snbatanoe soluble in water, ooagubUe like albumen 
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by heat, alcohol, and acid? \\ lias great analogy with emulsin, but 
neither albumen, emulsin, nor thr synoptase of M. R ob I q net can re- 
place it for the ])roductiou oi cB»ential oil of mustard. When put 
into couLuLt with a solution of myronate of potash, it develops the 
odour of mottard. and tbe liquor tubmitted to dutOlatioii y^ds e«- 
tmtial oil. It eziati in bbok mnsturd* together wil^ myfooato ol 
potai^ : but yellow mustard on the contrary contains myroiun, but no 
myronate of pota«h. 

It appears that M. M. Boutron and Fremy had simultaneously 
with M. Bussy discovered the above-described UeXz.^L imtUut, 
No. 313. 



POLYCHROMATIC ACID. 

M. Boutin has presented to the French Academy of Sciences a 
memoir on a new subBtance resulting from the action of nitric add 
upon socotrine aloes, lliis product, which he calls polychnmatie 
add, is, in the opinion of the author, of considerable importance in 
dyeing' and calico printing-. By varyinj^ the mordants, it yields an 
intinite number of lints, all of them liner and more permanent than 
can be obt^uucd by ihe Ubuai processes. It liuh Uie appearance of a 
reddish brown powder, is imj slightly soluble in water, but still 
sufficiently so to colour a large quantity of it at common tempera- 
tures ; it is more soluble imiBohol. and in dyeing poeietsestiiedou« 
ble advantage of yielding, in ^mall quantities, much more colour than 
the substances usually employed. 

1 his acid is susceptible of combining with metallic oxides, and 
of formingsalts of different degrees of solubility, and all of different 
colours. Those which the autiior presented to the Academy were 
the salts of potash and mim^L'lnstiM, No. 313. 



CTAHIL. 

M. Boutin also gave an aeoount to the Academy of a new sub- 
stance which is formed by the action of nitric acid upon aloes, or 

rather upon polychromatic acid. This product is liquid and colour- 
less when it hn« hfvu ]iurified by distillation from chloride of calcium, 
and has sogrc i*^ mi um lIo^v, on accountof its poisonous properties,with 
hydrucyauic acid, tiiat it is natural to conclude that they are isomeric 
bodies. It is so deleterious, that one or two drops in an eight-ounce 
bottle, half-filled, are sufficient to impart to the air whieh oeeupiea 
the remainder of the bottle the power of immediately killing a bird 
which is made to breathe it ; a capillary tube, slightly impregnated 
with this liquid, and ])ut into the eye of a bird, produces ako tbe 
same sudden etFect. — L'Insiifnf. No. 313. 



ACTION OF ALBUMEN ON METALLIC SALTS. 

M. Lassaigne has presented to the Academy of Science" researches 
on the chemical action exerted by metallic salts on albumen and on 
certain aomiui tissues. 
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AoeoriSag to tin MAor IIm aporimenti d«tailad m thii mtmoir 

pfove : 

lit. Thar allmiu'jn li:)^ the property ot combining with a great 
number ot metallic salts without decom{>o8ing them, and forming 
them compound*, which are msoluble in water, when they are 
mbJM ba ewtdn proportioiii, bot HuoflpliUe of diMolvmg in tium m- 
▼erally wken there is either wA excoH of tlbnTWi or of tho auldlio 
lolution combined with it. 

2nf1. That these compounds, which may he dp«i'rp.atpd hv the 
name ot albuminntr^ , fippenr to result from the union ol several atom?* 
of albumen witli uue alum ui uieLallic salt, as bhown by the analyaea 
whteh hm boon perfimwd. 

M. Thtl thoM oottpoofldi potsoit the aingukr property of dk- 
•bhing, without undergoing any immediate luteration, in the 8olu< 
tions nf alkaline salt?, whirli decompose the metallic salts when taken 
by tliL n^-'elves. and they remain dissolved for a ahorter or loo^^er pe« 
riod, according to the tem]>erature. 

4th. That it is extremely probeUe that when metallic salts uie 
tUnmettjr «iliilKted» thoo tekee pkeo in the eMenamy, effaeted by 
ihnrption, mi eiudogoiiit oombination betveon theee salts, the tis- 
sues and the albumen contained in the various animal Auids, end 
that it is probable they nre conveyed in tiie humoiiZB» end their 
dicinal effect is thus most commonly produced. 

5th. That it would be iuLcrc&u.ug if physicians would ascertain 
the theeepentio offeeti of theee oompouiidi of elbmncii and metallie 
etlte. 

6th. That in the action of a meteHic salt on any tissue, a com- 
binfllion is pffertrd hetwr**n thp«e two hodu"*, which BMiet modify 
its vital properties and etlect u c Ii uilh in it- functions. 

7th. lliat the property of certain metallic salts of combining either 
with albumen or with the base of various tissues of our organs, ge- 
BenliMtriielhae been efareedjefeitMl with lenest to biaUorid* of 
wmvuf and the eeme eDbitttioee.*oinL'/iiiliM, No. aiS. 



BATDBNITX. 

M. lAfj hae reed the ibOowsiig notice reepeetini^ thie minenl to 
die Academy of Sciences : — 

" Cleavelnnd, in the second edition of bis IVeatise on Mineralogy 
andGeology. puhli*hecl V>i\%\.oT\ [U. S.] in 1822. has given the name 
gf haydenite to a mineral which had then been recently discovered by 
Dr. llayden of Baltimore [U. S.]. He gives the following description 
of thie mineral inbetance.— It ie ftrand in small eryatele of a raddiah 
edlour, the form of whleh is cubic or slightlj rhombic, uid the enr- 
lace of the faces vary from Jtb to ^th of an inch eqiiare. It qipetn 
susceptible of ready decomposition, nnd hccomc^ porou? and sih)!!'^^, 
but alway? retains its form. Before the blowpijie, it fuf^<*« vv ith »ume 
difficulty into a yellow enamel ; it is soluble in hot suipixuric acid, 
and the aolutiDa deposits email white needles. It has also been 
found accompanied with zeolite and caibonale.of hron. In the tauia 
of gneiaa at a mlla and a half from BaMmove* 
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"The autliors vim have mnce mentioned this substance have 
merely repeated what has been stated by Cleaveland. Mr. Brooke, in 
his article on Mineralogy in tho Encyclopaedia Metroj olitnna, classes*, 
'without assigning any reason, haydenite with heuiaiidite. I Mill 
add what appears to me singular, which is, tliat iu a work recently 
imhliahed in the United StiiStet, entitled a System of Mineralogy, 
by Jamea Dana, and printed at Newhaven In 1837, no mention ia 
made of thia species, though m otiier lespeela the ^roik appeals to 
be pretty complete. 

"The cau3C of our ignorance respecting the nature of haydenite, 
may be cxi)lained by the small number of specimens which have 
been brought to Europe. M. L6vy then goes on to state that he 
had seen (mlj tiuee specimens of haydenite, and the aceonnt -which 
he gives of it is as follows Haydenite ia regularly crystaHiaed ; die 
crystals have the form of a small oblique prism with rhombic bases, 
in which the incidence of the lateral faces is 98^ 22', and the inci- 
dence of the base, on each of the lateral face??, is 9G^ 5'. 'i'he cr}-- 
stals are frequently macled. The axis of revolution, arouml which 
one of the two crystals fonning the made is supposed to havu turned 
1 80°, is perpendSfiiilar to the base of the primitiTe fann» and the face by 
which de two crystala are united is paallel to the same base. The 
crystals are thickly grouped together, and a small poitian only df 
each is isolate?!. T have observed no modifirntion either upon the 
edges or angles, so that the relation between the sides of the base 
and the lateral edges remains undetermined. The crystals cleave with 
the same facility on every liEUse of the primary form. The cleavage 
frees sometimes present an uneven surface on aceount of amalldailc 
spots, as if the snbatanoe had suffered incipient decomposition. The 
crystals arc usually covered by a thin layer of hydrate of iron, which 
is readily detaclied by the knife, and the faces of the crystals thus 
exposed are sutticiently brilliant to be meayured by the reflective 
goniometer. The colour of haydenite is brownish yellow or green- 
ish ydSow ; the crystala are tnmslaoent and sometimes tranaparent, 
they are eaisOy Bcratehed by the knife, readily friable ; the hardnew 
ia nearly the same as that of fluor spar. The quantitrdetsched waa 
too smiJl to admit of its specific gravity being taken. —L'/as/ir«^. 



BEAUMONTITEj A NEW MINERAL. 
This is a new mineral discovered by M. L^vy. It accompanies 
haydenite, and is named in honour of AI. Elie de Beaumont. It oc- 
curs in small brilliant crystals of a pearly lustre. T%eir form is that 
of a ptism with aqnaie bases, terminated by obtuse pyramids. The 
snmmita of all the erystals are closely grouped. The incideacca of 
the &oes of the terminal pyramids, measured widi Wollaston's 
goniometer, arc 132^ 20' of the two faces, the inter^ertinn of which 
is parallel to nne of th,c edges of the base of the |)I■^Ii,lr^■ torni, and 
147® 18 i t thr t\vu laces above, whose intersection is inclnied to thi« 
base. Out ul ilit&e angles is a necessary consequence of the other. 
By caloolating from the first, the second is 147^ S8', instead of 147^ 
IfiT, as determined by experiment* The primary form off the bean- 
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montite may therefore be taken as a right priKm with square bases, 
in which the rekition between the sidea of the baae and the height 
is nearly as the numbers 23 and 10, and then the fiioea of the pyre- 
mid haTe 6* as a cryatallo^aphical sign. The crystals deave readily 

parallel to the lateral faces of the primary form, but more efisily 
parallel to one of the faces than the other, and this greater facility 
corresponds with the pearly lustre peculiar to them. There are also 
some indications of cleavage, parallel to the diagonal planes of the 
primary fonn, the crystallographical sign of which is g^* Hie colour 
of the crystalB is whitish yellow ; they are translucent ; tiidr hard* 
ness is greater than that of haydenite, and is almost equal to that of 
phosphate of lime. 

The crystals of beaumontite and haydenite form a crystalline 
layer, the brilliant portions of which belong to the first-mentioned 
sidistance, and the parts covered wi& Imnmish hydrate of iron to the 
second. Thb layer covers a granular rock composed principally of 
p;ratn8 of quartz and haydenite. Tlie other fisce of the specimen 
IS covered with imall flat elongated prisms of green amphibole.^ 
Ibid, 



AN ACCOUNT OF THE EXPERIMENT PROPOSED BY M. ARAHO AS 
A TEST OF THE ACCURACY OF THE UNDULATORY HYPOTIi£* 
SIS OF LIGHT.* 

M. Arago proposes to avail himself of Prof. Wheatstone's revol- 
ving mirror, used by that gentleman in his researches ou the velocity 
of electricity whilst traversing good conductors, in determining ex- 
perimentally the accuracy of one or other of the present hypotheses 
of light. The princi])le of the proposed experiment is reraily un« 
derstood. A ray of light incident on the surface of a plane mirror 
is reflected in the ordirmry manner, the reflected and incident beams 
forming equal angles with a line perpendicular to the point of inci- 
dence of the ray. If the mirror be buppused to revolve around this 
point to an extent expressed by the quantity a, and to augment by 
this quantity the original angle of incidence, the former angle of re- 
flexion will become lessened to an extent corresponding to 2 a, Avhich 
must be added to thi? new angle to render it equal to the first. 
Consequently, if the incident ray remain the same, an angular move- 
ment of the mirror of a will produce au angular motion of the re- 
fleeted ray equal to 2 a. 

If then two perfectly parallel rays be incident in the same vertical 
line on a mirror revolving round the point of incidence, their paral- 
leli-^m v:\\\ be preserved after redcxion, providing they both impint^c 
upon the mirror at the same instant of time, and two luminous points 
situated exactly vertically over each other will be seen ; but if the 
rays impinge upon the mirror at diiferent instants, so that one will 
be somewlmt later than the other, the reflected images will no longer 
preserve their original position in the same yertical line— one ap« 
pearing to the tight or left of the other. 



f The Editoit are obliged to Dr« Gelding Bird for this account. 



156 Intelligence and Miscellaneous Arlidi*^ 



According to the Newtonian hypothesis, or corpuscular theoiy of 
light, a my moves in a fluid of higher refractive power, as water, 
quicker than in air, in a ratio exjjrcssed by the direct relation of 
the sine of tiie angle uf incidence to the sine of refraction ; whilst 
on tiie nndulatorjr theory, light traven«t % liquid mudk akiwer thaa 
fdr, tad in the inverse ratio of these sines. To test tlie truth of either 
of these hypotheses, all that is therefore aecestary. Is to cause two 
rays of light to be incident on a rapidly- revolving mirror, in the 
same vertical line, the lowest beam traversinc^ nir only, whilst the 
upper one passes through a tube filled with water, or other refracting 
liquid. Under these droumstances, if the corpuscular theory of light 
be correct, the upper ray will reach the mirror before the lower one» 
and consequently the reflected images will no longer be in the same 
vertical line : if the undulatory hypothesis l)e the true one, then the 
lower ray will reach the mirror before the upper one, wnd the verti- 
cal position of the reflcctcil images w!l! become deranged. Let us 
suppose tiiut tilt- mirror revulveu in a uircctiun ^om right to leftj 
then, if the upper reflected image appear to the left of tiio lower* 
light etmsists of moving corpuscules ! but if the upper Image appear to 
the right of the lower — li§fit m produced by ethereal uadalatimu ! To 
submit this proposed experiment to the tctt of experimental investi- 
gation is obvioii«ly a difficult mutter, for, as tubes of water of any 
moderate length can but very slightly affect the velocity of a ray 
of light, it is obvious that the rotation of the revolving mirror must 
be ezcessi?ely rapid to produce a deviation of the refleoted images 
flufficient to admit of accurate ob8er\'ation. — M. Amgo is inclined to 
consider that n deviation of a minute of a degree produced by two 
position.^ of the reflecting plane inclined half a minute of a degree 
upon each other will be sufficient for this j)urj)o>«e, 

irom computations deduced from the known velocity of light, it 
appean that in , o ^-^i ^ * second (the time duriiw which 

a revolving mirror moving by mechanism prepared br M. Oambey 
moves through half a minute of a degree) a ray of light traverses ft 
portion of space corresponding to 7 ri7 metres, or, in round mirabers, 
23 English feet. Hence if the minor perform 2000 rotations in a 
second of time» the tube of water through which one of the rays 
passes must be S8 feet in length to produce, on the theory of emis- 
sioo, an angular separation of the reflected images corresponding to 
one minute. As a velocity of the revoMng mirror of the enormous 
q^imitity of 2000 turnf in a second is extremely difficult to obtain, 
the angular deviation produced by reflection from one revolving 
mirror performing 1000 rotations in a second, may be increased by 
viewmg the images afterwards in a second revolving mirror. In this 
manner, by repeated reflexions from several revolving minors, the 
angular deviation of the images which eventually rrach the eye of 
the observer may be increased to a sensible quantity. 

If, ns M. Amgo has thought probable, an anp-^ilnr scpnmtii^n of the 
vetlccted images equal to half a minute is perceptible td the eye, a tube 
only 1 1| feet long, iuil of water, will be sutHcient to produce such an 
altaation in the velocity of the transnutted ray, as to render the an- 
gular separation of the images veiy obvious, after reAectMm from 
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four revolving mirrors, each performlug 1000 rotations in a second. 
By MBploying a medium of greater refnictive power Hian water, m 

the essential oils or sulphuret of caiboD, a still greater alteration in 

the velocity of the transmitted ray will be obsen'ed, being aocdle« 
rated on the corpuscular, and retarded on the undulatory h)'pothesis. 

Aiiotlier mode of testing tlic truth of the two theories, pro- 
posed by M. Arago, in founded upon the did'cic-uL \ ciocities of the 
colonvad rays of l^e apectram, wnilat traversing refracting media. 
If» therefore, a beam of white Bgjht be made to traverae a Iraig tube 
filled with a highly dispersive fluid, as sulphuret of carbon, the dif* 
fcrcnt coloured rays will notrciu'h the rcvolvingmirror simultaneously, 
and a spectrum will be juoduced. So f;ir, the eamc result occurs on 
both theories ; but on wutching the reliected images, a different ar- 
rangement of the colours wUl be observed, and tlie violet or red 
band will be obaenred* in the reflected ima^e, to be situated to the 
ri|fht or to the left, accordlDg to the directton of the rotation of the 
mirror. The order in which the colours appear, the direction of the 
rotation remaining the same, will be precisely the feroaa on the 
undulator)', to that ou the rrnpuscular theory. 

It is of course obvious that great practical difficulties lie in the 
way of auhmitting M. Arago's ingenious views to the test of experi- 
ment, andhitliertn no attempt appeata to have been made to over- 
oome the difficulties connected widi the eonatmction of the apparatua 
leqoired for these interesting ezperimeato. 



METEOROLOGICAL OBSERVATIONS FOR DEC, 1839. 

CUswick. — Dec 1 — 3. Dense fog. 4. Frosty: fine. 5. Slight bate • flnp. 
^* ^**E87' 7* Dense fog: fine: frosty at night. 8—10. Hazy. 11. Fine: hazy: 
rahi. IS. Cloudy and windy. 13. Overcast : heavy rain at night. 14. Fine* 
15. Frofty • h.i/y : rain. ilaiy ; fine. 17. Fine. IB. Hazy. 19. C! udy. 
rain. 2C>. Ham. 21. Cloudy: rain. 22. Rain: iiite. ^3. Fine: very nniid for 
the period of the Mason : rain at night. f4. Boilteroua wUb rain. 25. Very Amw 
fC. Ucnvy rnin. 27. Rain : hazy. 28. FMtl|t ftO*. S9. Omt aadftM^. 
30. i lusiy and foggy. 31. Overcast : fine. 

£<nt*m. — Dec !• Fine. 2. Foggy; rata r.u. 2. Ciuudy : raia a.m. 4, 
Feggf. B* Ctoadr: fain p.m. g, 7. Foggy. 8, 9, 10. Cloudy. II. Cloudy: 
rain enriv A.M.: rain r.M. 12. Fine: rain p.m. in. Fine. 14. Cloudy. 15. 
Fine. 16. Foggy. 17, Fine. 18. Stormy: rain r.M. 19,20. Ciuudy: rain 
Mrly A.M. t tiiop.v. 91. Fine t Ttin km. M. Cloadjr : >ida 9»Jt* S& Fteea 

rfun I . M. 24. Cloudy. 25. Fine. 2G. Fine : rain fiV. 87. F(Ogg|r. 9B, 99> 
Fine. 30. Fine: hail and rain v.S'i. 131. Cloudy. 

AppUgarlh Mansej Dumfriti-ilurt. — Dec. 1. Clear and sunny. 2. Calm and 
deeri hard frost. 3. Dull: raw day. 4. Dull, hut dry. 5. Frost a.m.: thaw 
P.M. 6. Dull moist day : hoar frost early a.m. 7. Dull and ciniulr. hut dry: 
boskw frost A.M. 8. ¥im day t sUgfat huar frost. . 9. Quiet and claudy. 10. 
CMcl and cloiidy r ttvuHng r.M. It. Fine daj : wind roae ^m. li, Haevjr 
rain in the afternoon. Fine morning : rain afternoon. M. ModaiMed^S 

•light fr(^ pracadiiig nighL 15. Foggy: bii^tfVest preceding nu^t* fs, 
WStt I tigkl ftwt early a.m. IT. Rtir kbiI MM. fS. Btermf^ ofWfiid tod 
rain. '20. Clear day : frosty morning. '27. Snow in llie evening, md frost all 
day. 28. A little more snow : hard frost r.M. S9. Clear and calm and froaty. 
30. Looking dull a.m. : sleet and rain r.M. 31. Heavy rain all oieillhig : deurd 

Hp P.M. 

Sim 20 days. Rain 9 dnv=. Snow flay:.. Frost and hoar frost 13 days. 
Wiad ea&terly Uay&. i^oriii-ea&t 4 days. Southerly 4 digrs. WoMrlj 2 

dap. 
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XXX. On the hue Order of Sticcession of the Older Stratified 
lioc^s in the Neighbourhood of Kitlarney and to the North of 
Dublin. Bj/ Richard Giuffhh, Esq,, F,G,S. and 
President of the Geological Society of Dublin. 

[See SectMm PUtte U. and Plaa PI. IIL] 

To ike Ediicrs of tkt Philosophical Magazine and JoumaL 

Gentlemen, 

nPHE Geological map ot Irelaiid, which presents an epi- 
^ tome of my geological labours in the fields continued 
at intervals for unwaraa of thirty yearSy is now before the 
poblic^ and has in fiust become their property. Thoug|i i 
do not venture to assert that all the lines representing rock 
boondaries which it oontains are perfectlj correct^ sdlll will 
snv that none have been laid down without consideration. 
A^uch detail no doubt stiiL requires to be worked out within 
the great divisions, particularly in the carboniferous lime- 
stone series, and many of the smaller £rree?>«toiie ]>rorrns!nas 
liavc yet to be pointed out; but I am fully ot ()()Iii!()n 'Jint 
the great lines nearly represent the true iioundaiics (j1 the 
several roi k iormaiiuns, according to ilic older of .superposi- 
tion iiidic ntc tl by the table of geological colours. Having this 
impresNioii on ruy numl, I confess 1 was somewhat startled by 
observing in the Number of the Philosophical Magazine for 
December last, (voL xw» p. 442.) a paper communicated by my 
friend Mr« Charles WiUiam Hamilton of DuUin, which con- 
tains statements, some of which are illustrated bv sections^ re* 
lative to the geological poaitions of the strata of several parts 
of Irdand, quite at variance with those assigned by roe to the 
same rocks in the geological map* This paper also asserts 
that I have indicateathe occurrence of rocks in certain places 
in ^v!^ch no such rocks are to be found. These arc charges 
I'hiL Mag. S. 3, VoL 16* No. 103. March 1840. M 
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which I think it incumbent on me sliortly to reply to; and I 
hope to be able to show that my map is correct, and that 
Mr. Hamilton is incorrect in every case ia which he has 
thrown n doubt on its accuracy. 

Tiie main points ul cliHri riice between Mr. Hamilton and 
mysell" arej 1st, he is opiiiiun^ th;iL in the county of Keriy, 
south of CasLlemaine Bay and tbe lower Lake of Killarney, 
the old red sandstone overliee unconformable those schistose 
rocks which in my map are comprehended wider the genoal 
name of transition, and which include the Silurian system 
and the older or Cambrian slate^. 

2nd, That the old red sandstone atrata of the Gap of 
Dunloe extend uninterruptedly in a southern direction From 
the gap to the summit of MacGillacuddy's Reeks, from wliich 
point they di}) to tlie south, and are succeeded conformably 
by a new series of rocks which Mr. Hamilton considers to 
belong to the Devonian system. 

Srd, TliaL the band of yellow banditone shown on llie 
geological map as underlying the carboniieious limestone in 
uie ySXey of the Ri?er Roughly at Kenmare, does not exist 
there* 

In illustration of these mwa Mr* Hamilton has given two 
aectiooiy the first of which extends from the gap of Dunloe 
in a southeastern direction across Toomies and Glena 
Mountain to the middle or Turk Lake of Killarney, atid thenct ^ 
over Turk and Mangerton Mountains to the valley of Ken- 
mare ; the second is a representation of Mr. Hamilton's view 
of the strata as they appear on the west side of the gap of 
i>unioe. 

In botii of these sections Mr. Hamilton has represented 
the old retl sandstone as resting unconformably on tbe older 
schistose rocks, which he calls Cambrian but I state with- 
out fear of contradiction that his section and atalMMDti are 
incorrect in this rsipectf and that in the locality in quae- 
tion tbe old red sandstone has been deported eoi^formaibf 
on the older slate^ and in a descending order graduates im- 
perceptibly into tihat rock. This is also the opinion of Mr. 
Weaver^ who considers the whole to belong to the transition 
series; and Capt. Portlock, in his presidential address to tlie 
Geological Society of Dnbiin» appears to entertain the same 
opinion. 

In till' first volume of the Journnl of the Geological Society 
of Uubliii, page 285, Mr. Ham! ton describes the old red 
sandstone as Ibrming uu uiiuciuiai axis on tlie summit of 

* See note appended to tbe large Geological Map of Ireland. 
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Cutrawntoohill mountain*, from whence dipping to the south- 
word it is covered by siliceous sandstones of a greenisli or 
brownisli colour;" and this view is ilkistraled hv a .section 
given in PInte I. fig. 3, whiclu together with tl)o u contained 
in your Magazine^ exhibit die wiioie of bis views on die sub- 
ject. 

For the sake of clearness, 1 have also prepared two see* 
ttOM pMring TtmtXy thronoli the fame line of oouncry at those 
given by Mr» Hamiltoii» mm which it appean that the old 
red landitome on the tammit of MacOlihwuddy'e Reeks^* rati 

0Of|/brMa% on the echiatose rocka of the gap of Donlo^ 
which Mr. HamtltOD terms CambrMn ; and that the apparent 
tinconformability which is visible nearly in the centre of the 

gap l)etween the chloritic quartz rock and the old red sand- 
stone, hns been occasioned by a great north-west and south- 
cai>l lauk, wliich crosses the gap ot l)un)oc nearly at right 
angles, ami extends from thence in a south-eastern direction 
along the northern decITvities of the Purple, Tooiuies, nnd 
Glena MouiUains, from wlience in continuation it reaches the 
lower Lake of KUlamey, near the Glena Cottage Banqueting 
House, thence It eroetetBrickeen Island^ and passing throu|p 
Tafk Lake leachea the north base ef Turk mouotauk 

This fault may be said to form the key to the geology of 
the Killarney distriety as It explains the apparent anomaly 
deducible from the persistent dip to the south of the strata 
on both sides of Glena Cottage and Brickcen Island, which 
might lend, and lias lerl inrnntious observers to ififer that 
the strata belonging to the transition slate series which occur 
to the south of the fault rest conformably on ilu top of the 
old red sandstone ol In ickeen Briilge, of the norilici u part of 
Brickeen li^land, and likewise on die carbon iierous linieiitone 
east of Turk Cottage. * • 

In exptessing my view of the geology of the dutricti I shall 
eommenoe with the west side of the Gi» of Dmloe; but here 
mjr sectlont Plate II. fig. 1, is so dimnrcnt from Mr. Ha- 
mdion's, that it is with difficnl^ we can recognise them 
as being intended to r i p r m e n t the same locality ; yet such is 
the case. Of the accuracy of my own section I entertain no 
doubt, having made it with great cnrc. 

In taking a sectir?nnl view of the strata as exhibited on the 
west side of the Gap oi Dunioe, the fir'^t bods visible at tlie sur- 
face consist of a reddish irrny quartzose rock belonging to the 
old red sandstone foi uiaiiuii. Tliese are succeeded by a 
series of thick beds, oi coarse-grained conglomerate com* 
posed of rounded pebbles of white quartz, varying in siaQ 

* The biglieiiL ui tiii; iie«ki. 
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Mm two Inelie$'toaqQarterof an inch in diameter, imbedded 
ill' n reddish gray arenaceous base. The conglomerate is sue* 
ceeded by coarsegrained brownish-red slate, which is occa- 
sionally quarried and used forinferior roofing slate : tliese strata 
are followed by a series ot beds, consistini^ of red quartzose 
snnd stone alternating with coarse slate, the sandstone beds 
presenting occasionally a coii^iomeritic clmrncter, but the 
pebbles rarely exceed half an inch in diameter. The strata 
dip to the west, though irregularly, at an average angle of 
about 10° from the horizon ; and consequently in ascending 
the glen in a sonthaii direcUon, the dim presmit the oat- 

foing or strike of the beds, which are nothoriasontal, but ex- 
ibit a tortuous arrangement nresenttng frequent undnlations 
from north to south. At EsKnagluggemy, a short distance 
b^ond the southern extremity of Coosane« lake, the old red 
sandstone . strata are cut off by the great north-west and 
south-east fault already mentioned, immediately to the south 
of wliich thick beds of green chloritic quattz rock appear at 
the surface, dipping to the south at an angle of 30° from the 
horizon. These strata ])rubal)ly form the Icnvesf portion of 
the transition rocks situated to the south of Casticiuaiiie l>ay, 
as we perceive the whule series to be coiuplete in an ascending 
order frona them to^the summit of the Reeks. , 

Commencing. then with this chlorttv^ quartz rock baseband 
proceedin|^ in a southern , direction, we fihd tbat the same 
rocks 'cdhtinue to difj td tlie south, and present an accumu* 
lation of strata for upwards of 500 feet in thickness, varying 
little in their composition or character, with the exception of 
an occasional interstratifi cation of thin beds of green and 
purplish gray clay slate. These slates nre quite distinct in 
character, as well as in colour and composition, from the 
coarse red slate of the old red sandstone ; they are in fact 
itleniical with the Valentia slates, and bear a strong resem- 
blaiire in colour, composition, and lithological character to 
some of those of North Wales. Still ascending ia the series, 
we find that the colour of the rocks gradualiv changes from 
green to gray, and at length the mineral chlorite is altogether 
wantinff. These gray quartzose l)eds.are not so thitek as 
those which contain chlorite; they likewise alternate with thin 
beds of clay slate, which present a purplish fpnty colour, with- 
out any admixture of green. The gray strata may amount 
altogether to about 800 feet in thickness. Still continuing to 
ascend, the same character and alternations arc preserved as 
the last dosrrihcd, but on a fresh fracture the qiiart/ose beds 
present a sligiit l>!noni or tint of red, and the tlisinlegratcd 
surface of the rock exhibits a decidedly reddish hue, which ' 
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is nol visible lower down: the reddish gray strata alternate as 

before with j^nrplish f^ray slate. As we ascend and ap- 
proach the suniniits ot the Coiimcen Peest, or eastern ridge 
of the Reeks, the strata assume a more decidedly red charac- 
ter, till at length they pass into brick or cherry-red quartz 
rock, and contain some beds of conglomerate, identical in 
colour, composition, aud i>Uuctuie willi the old red sand- 
stone, already described, situated to the north of the fault in 
the Gap ofDuDloey but not quite so coarse^ained** These 
red quartsEose or old red sanastone beds difiSr materially from 
the schistose beds of the lower part of the series. The strue- 
ture of the rock is decidedly granular, the strata are thinner, 
and they are divided by Joints into rectangular mosses, while 
the schistose beds beneath usually present rhomboid al forms* 

The conglomerate on tlie top of the Reeks is perfectly con- 
formrible with the underlyin^^ strata, and in fact a regular 
gradation may be traced fronj tlie lower or chioritic portion 
of the series through the gray nnd reddish gray into the brick- 
red quartz rock and congloniciatc. ' ' ' ' 

From the summit of the Reeks still proceeding in a southern 
direction towards the valley of Ken^are, we do not hud these 
old red nmdstone strata clipping td^the southward, as shown 
on Mr•Hamillofl^s section' already 'memimied, and published 
jA the Journal of the Geological Society of. Dublin, but on 
the contrary they crop out to the southward, forming a re- 
gular cap resting conformably on the inferior strata, whose 
-lends appear in the precipitous escarpment Tisible on the 
northern side of the valley of Coomyduff, in the bottom of 
which the G;rcen chioritic hods already described as occur- 
ring near the iault in the Gap of Uunloe again make their 
appearance, and the whole succcsbion of tiie strata and pass-* 
age from the green chioritic beds to the red conglomerate as 
already described on the iiorthern acciiviLy of the Reeks, may 
likewise be traced on the southern. 

It is unnecessary to enter intct any further particulars re- 
specting the detail of 'the succession of the strata !>etween the 
valley of Cbomydufl^ and the reappearance of the old ^ed 
sandstone at Lisinisky, to ihe north of the valley of Keninare, 
as it is clearly shown' in the section, and the same gradation 
of colour and character, from the green to the rea rodcs, is 
observable. See Plate II. fig. 1. 

The old red sandstone of the valley of Kenmare consists of 

* The conglooierate visiJble near'tlic smnmit ofLiibug nioantma on the 
western ranget of the Reekt^ is luUy ai ooane-gnined at that of the Gfap of 
Dualoe. 
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red quarts rode and red day date, the quarts rode pvedo* 

minating; but no beds of true oon^^onenta have been ob- 
served, tliough sudi may be discoTmd on a more cardnl as* 

aminadon. 

Ascending in the series, nnd approacliiii*^ ilie limestone of 
the valiev of" J\Liuutiie, the ret! strata become more scliistose 
and chittly consist ol" coarse it^d clay slate, whicli, apijroacli" 
ing the limestone, is observed to alternate with yellowish gi t:eii 
clay slate and red limestone in thin beds. These arc suc- 
ceeded by strata ot ay quartzose sandstone coDtaining cala- 
mites, the diaracteristio nisdl of the ydlow aaixlgtoiia aerieiy 
the upper beda of whidi alternate with greeniefa gray and 
dark gray day slate, with oocasiooal beds of gray limestonei 
Still ascending, the limestone gradually predominates, till at 
length the slate disappears, and the whole stratification is 
composed of carboniterous limestone. 

To the south of the river Rough ty, in a descending order, 
a similar series to that above described appears at the snr- 
face dipping to the north, so that we have again the dark 
gray slate and limestonej the yellow '^nnd^tone with calamites, 
the red limestone, the old red san l tone tuiisiaiing of red 
slate and red quartz rock, and iii cuiitinuauun the whole 
suite of the schistose strata uf the transition series already de- 
scribed. 

Having described this sectbn in detail, I again assert, that 
the old r^ sandstone to the south of Castlemaine Bay has 
been deposited conformably, on the underlying strata, and 
that the apparent unconformability noticed by Mr* Hamil« 
ton as occurring in the Gap of Dunloe, arises from a disloca- 
tion of the strata occasioned by a fault, and not from origmal 
depositim* 

Owing to the want of fossils throughout the entire succes- 
sion oi rocks above described, with the exception of the yel- 
low sandstone and carboniferous liniestone of the vailey of 
Kcinnaie, it i*^ dinicult to deternune the position in geological 
pri i riliMicc w liicli ,luiu]d be allotted to the green chloritic 
tjuui iz l uck wliich lui ii)- the basis of the ill^trict nnder con- 
sideration, or to detei liiiiic at what precise puiiiL the old red 
sandstone should be said to commence. It appears to me 
that the only key which is likely to unravel this mystery, will 
be found in the peninsula, of Dinglei to the north of Castle- 
maine Bay, where fossils have been discovered in the strata* 
which have been recognised by Mr. James Sowerby as be* 
longing to the upper Silurian rocks of Murchison. 

The fossils consist of 
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From Feiriter*s Cove, 

Atrypa tenuistriata, Sil.Syst. pi. 1 f.d. Euomphalus perturbatus, SU. S/st. 
Avicula reticulata, lb. pi. 6. r.3. pi. f. 15. 

— — retroflexa, lb, pi. 5. f. 9. Leptajna lata, pi. 5. f. 3. 

CmmnlitM ierpuUurius»/6. pi. IM. f. Terebratula bidentata* H. pU 12, 
5-9. £ la 

Euomphaluii funatus, Jb, pi. 12. f. ■ ■ Stricklandii, lb, pi. 

ISO. ^ 13. f.l9. 

If we make a seedon across the Dingle peninsula from 

Feilaturrive on the south to Brandon Bay on the norths wo 
find that the strata consist of a base of dark blackish gray 
clay slate, the upper beds of which alternate with reddish 
purple slate, some of which contain Siliirimi fossils ; these 
strata are succeeded by red slaty congloniiTales, alternating 
with red and green slate and brown quartz rock, above whicli 
are chloritic quartz rocks with alternating purplish and red- 
dish gray clay slate, similar in composition and character to 
those of the Gap of Dunloe, and of that district generally. 
Again^ if we make a section alonff the west coast of the Dii^gle 
peninsula from Fawn to Sybil Head, we find numerous fos« 
siliferous beds, some of which have been noticed by Mr. Ha« 
milton'l*) the true position of which has not yet been clearly 
made out ; but from all the data I possess, i am inclined to 
place them between the dark gray day slate and the chloritic 
quartzose rock. Hence I am of opmion that the chloritic 
rocks of the Gap of Dunloe should be classed with the Silurian 
system. 

With regard to the dark blackish gray clay slate which 
forms the lowest member of the series in the Dingle penin- 
sula, it is ideniical in lithological character with tlie tlark 
gray slate of the Gatties mountains, which are situated directly 
in'tne line of the strike in an eastern direction, as may be 
clearly seen by reference to my Geological map ; and follow- 
ing the same strike similar strata occur in the Shivnamanna 
mountains of the county of Kilkenny, and also in the 
slate district to the south of Waterford, where on the sea 
coast at Knockmahon, and also at Tramore, fossils occur in 
green chloritic nietnmorphic slate and quartz rock, belonging 
to the lower Silurian strata or Caradoc sandstonef. These 
fossiliferous beds are incumbent on the dark gray slate, in 
which no fossils have as yet been observed. This dark gray 
slate bears a striking resemblance in lithological character to 
the dark gray clay slate of the Festiniog district of Merioneth- 

* See Journal of the Geological Society of Dublin, vol. i. p. 280. 
I The fo^isih (liccovcrcH arc Orthu retdiatutf and several Othcn of that 
genus i iQ JitiUero^jphon bUobaiiu, Atryj^ orbicularis?, &c. 
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shire; and lam led to conclode, that the whole of the trans!- 
Ikni slate of the south of Ireland is high id the aeries generally, 
and that the principal part belongs to the Silurian system. 

Our next point for consideration with regard to the di- 
strict of Kerry^ south of Castlemaine Bay» will be to deter- 
mine where, in tlic graduating series between the chloritic 

Suartz rocks and the decided red conglomerate, we should 
raw the line separating the Silurian system from the old 
red sfindstone. If we again refer to Dinjrle peninsiiln, \ve 
iind that ihc summit of Cahirconrec mountain, together witli 
many other mountains of the district, is composed of rocks be- 
longing to the old red sandstone, which rest unconformabh/ on 
the dark gray clay slate above-mentioned, and on the other 
schistose rocks which succeed it. From this unconformability, 
it would appear that the scries of ihe ^chiblo6t^ birata is not 
complete in the peninsula of Dingle, and that it wants the 
upper members which do occur to the south of Casdemabm 
If we examine the old red sandstone series as exhibited 
in the Dingle dbtrict^ we find that the under beds consist of 
rather fine-grained, red quartzose sandstone, for a thickness 
varying ftom 100 to 150 feet in different lo<»)itie8; the sand- 
stone IS succeeded by thick beds of coarse conglomerate al- 
ternating with coarse red slate, and these in continuation by 
alternations of red and brown quartzose sandstone and coarse 
red slate* 

Now if we compare the red strata which rest conformably 
on the schi?5tose jocks on tlie suumiits of the Keeks, the Purple 
mountains, &c. wc iiiid red granular quartz rock in thhi beds 
underlying the conglomerates; aiid considering these beds, 
as in ihc Dingle peninsula, to represent the lower portion of 
the old red series, I have drawn the line where the red quartz 
rock terminates, and where a change is indicated by an altel^ 
ation in the colour of the rock^ which becomes licht reddish 
gray, and the strata present a schistose, instead ofa perfisctly 
granular structure. 

As a further proof of my opinion of the inaocum^ of 
Mr. Hamilton's ^iews respecting the order of succession of 
the strata of the Killarney district, I shall now very shortly 
describe the succession or rocl<*^ visible at the surface on the 
north and south sides of the great fault where it traverses the 
strata at Glena and Brickeen Island on the lower lake of Kil- 
larney, which fault, as already mentioned, extends in a south- 
eastern direction from the (»ap of Dunloe, by the localities 
ill tjuestion, to the norLliern base ol 1 uik mouiitain, &c. If 
we trace the line of the fault on the shore of the lake imme- 
diately to the north of Olena Banqueting House, and alao 
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where it crosses Brickeen Island, it will be seen tliat tlie strike 
of the chlorittc quartz and slate beds on the south side of the 
iauU is unconformable with the strike of the old red sand- 
stone and carbonifcrons limestone on the north of it, and that 
the ends of the strata of both formations abut obliquely 
against the opposite sides of the fault. This fact will be at 
once understood by reterence to the plan given iu Plate 
III. 

The lower poi lion of the shala on ihe north side of the 
fault consists of old red sandstone : commencing near the shore 
of the lower lake at Cullinagh to the east of O'SulUvan's 
Cascade^ we have a succession of beds of coarse-grained red 
cooglomeratei similar to those already described as occurring 
at the northern entrance of the Gap of Dunloe; these strata, 
which dip to the east, are succeeded by alternating red and 
light gray quartzose beds, which in an ascending order con- 
tinue to Glena Bay, the dip gradually changing from the 
east towards the south. At Glena Bay we fall into the line 
of the strike of the strata of the Gun rock, a small island 
situated immediately to the west of Brickeen ls)nn(], near 
Brickeen Bridge. At the Gun rock the strata consist of light 
gray quartzose roc k alternating with thin beds of reddish gray 
limestone, which dip to the suuih at an angle of 40 . On ilio 
north point of Brickeen Island, these strata are succeeded by 
alternations of red and reddbfa gray quartzose rocky red slate^ 
and red limestone, the general dip bebg 2S £. of S. at an 
angle of 85*^. These strata abut obliquely against the fault 
to the north of the Banqueting House of Glenn, and also 
where it crosses the western portion of Brickeen Island. 

Stili ascending in the series, the above-mentioned strata are 
succeeded by alternations of red clay slate, yellowish green 
clay slate, and red limestone, which may be considered to 
form the upper jiortion of the old red sandstone series : 
above them we find a succession of beds, consisting of coarse 
greenisli gray slate containing calamites, greenish gray cal- 
careous slate, and impute gray limestone, succeeded by beds 
of gray quartzose sandstone with partiiigs of black clay slate^ 
and aftemations of gray limestone. These strata form the 
lowest portion of the carboniferous limestone series» to which 
I have given the name of the yellow sandstone*. Above 
the yellow sandstone we have the black carboniferous slater 
which here alternates with gray limestoDe» the slate as at 
Renmare predominating near the commencement; but as the 

• In most localities the colour of the Kaud^tonc is yellowish gray, and 
the i>iiic(H>U3 ruck foriUd by much the most important feature ia the scries. 
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beds accaroukto^ the calcareoat itrM increase in thickneiiy 

and at length near the old copper mine of Muckrostf the ilftta 
beds entirely disappear, and the entire slrntification con- 
sists of lime'^tone, some beds ot wliich are ro^silifcrons, and 
contain Piadiicta (h'pr^f^srr, variety of the mountain limestone 
Spirt/era bisulcatay Spit ijcra resupinata^ and many ol the other 
fossils which usually occur in the lower limestone. 

From Muckross mine the calcareous straUi coiitnuni with- 
out interruption, dipping to the gouth at an angle of 40% to 
the base or Turk roouotein^ a quaiter of a mile to the east of 
Turk cottage, and are ftiU ▼iiilNe at the Mirfaoo okiee to tba 
line of the esatem continuation of the fiiult whieh is there oon* 
cealed from view by diluvial matter. 

I huTe been thus particular in describing the strata visible 
on the north side of the fault at Brickeen Island and Muck- 
ross, as they present one of the most perfect sections which 
Ireland n fiords of the entire suite of the old red sandstone, 
the yellow sandstone, the carboniferous slate, anil the lower 
carboniferous limestone, and which by their variety form a 
strong contrast with the uniform character of the chloritic 
fjuarizose strata visibic on the south side of the fault, which 
strata evidendv belong to the same series as those which oc- 
cur In a aloiiiar pontion at the Gap of Dunloe^ and an in 
ftiet a contlnuatbn of the tame ttrtke. No doubt can tfaerch 
Ibre be entertidned that tfaeee inferior strata ibrra the Ummt 
portion of the schistose series of the district to the south of 
Casdemaine Bay, that they are identical with the chloritio 
rocks of the Gap of Dunloe, and do not belong to the De* 
vonian as supposed by Mr. Hamilton *. 

Proceeding to the sntithward from Turk mountain, the sue- 
cession of rocks is similar to tliai ali\ :u!y described as occur- 
ring above the chloritic beds ot Dunloe : the strata undulate 
very much, and })resent several synclinal and anticlinal axes, 
so tliai the upper beds or reddish gray tjuui izose strata never 
ap|iear on Turk or Mangerton moimtains, and consequently 
in this line we do not meet with the old red sandstone strata 
till we approach the northern boundary of the valley of Ken- 
mare, where it occurs in a line parallel to that already notioed 
in describing the section between tbcGap of Dunloe and die 
valley of Kenmaie. It is troe^ Mr. Hamilton menUona the 
occurrence of old red sandstone in the c^tre of Mangcrlon 
nonntainy but in that locally he may have mistaken the pui^ 

* A section rimilBr to that from the Qvd of Duntoe to the nimmit of the 
Recks may likewise be traced from the chloritic rocks, south of the fault 
at Urickecn Maiul, up to the olJ red t^andstOOS OA the fOI&Dlit of QlSBS 
BKHUitftm, as represeotcd in Plate lU. fig* S6» 
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ilatii whieb tdmrn atlmiate* with the efaloritic quarts for 
tbmt roek. 

It appws to me to be extraordinary, tliat when arriving at 
the conclusion that the chloritic rocks of Turk and Manger- 
ton mountains were newer than tlie old red sandstone, owing 
to ihii observed di}) to the south both of tlie old red sand- 
stone and the chloritic rocks, Mr. Hatjuiion did not (witli 
Mr. Weaver) consider these chloritic rocks to be superior to 
the ca: luiniferous limestone of Muckross and Turk. The 
limestiJiie l)eds all dip u> die south lowaids the lauk, and ap- 
parently underlie the chloritic rocks; and as the limestone 
stnia raal iipoo tbaydlw and rad iandalone, tha aatnnd 
oonditttOQ should haipa baaD» that the whole of the strata to 
the aouth of the lakes of ICiilanicy belonged to the m^dme 
gtii, which we fnul resting 00 the same limsstone to the north 
of the lakes. Mr. Weaver carefully observed all these dips ; 
and not having noticed the fraltor WMOofiinnity of the strike 
of the old red and limestone series on its north side with the 
chloritic rocks on the south, and conceiving that the lime- 
stone together with the old red '■nndstone belonged to the 
transition series, lu' ii;iiur:illv coiielucled that the chloritic rock 
to liie ^outh belonged tu [\\c same; but Mr. Hamilton has 
overiuoked tlie southern dip i»l the limestone at the Dorth- 
ern base of 1 uik muuiuain east of Turk cottage, and placed 
the chloritic rocks in a position in which they could not occur 
aflcording to the dips of the strata, namely, between the old 
led sandstone and the carbonifiiroas limeatone series* 

I shall not pursue this subject, as I should hope that snfl^ 
fiient data have been bmi^t fonrard to orove that the strata 
to the south of the Lake of Killamey, which Mn HamlitoMi 
eoosiden to be DeTonian^ do reallj bekwg to the l^uriaii 
system. 

I shall next allude to a paragraph in Mr, Hamilton's paper, 
page '1-45, in which he states, " that among other localities 
in which tlie yellow sandstone is laid tlown on the Geolnirical 
jnnp i?i positions in which if docs not exist ^ he nuiy memion 
the boundary of the carbonilerou» limestone, on the banks oi 
the Kiver Routrhty in the Valley of Kenmare." 

1 wish Mr. liamiliou iiad mentioned the other iiibt uitLs 
tlmt came within his knowledge well as tliii>, a^ 1 have iio 
doubt I should have been equally wdi able to show that the 
bovndariea narked were fonnded on actiaal obser? atioo. 

In the prssent case I shali merely ohservsb that at Kilgawan, 
on the north side of the valley of Kenmare^ above Roughty 
Bridge, yellow sandstone occurs in considerable thieknessb 
overlying red quarti rook* green and rad day sUta^ and red 
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limestone, and underlying black carboniferous slate, inters 
stratified with thin beds of limestone, wliich is idtimately 
succeeded by limestone witliout achnixture ; the whole of the 
strata di|)[)iii!i; to the south. Airain, on the south siile of the 
river Rougijty, imnietliately to the east of Kounhtv Bridge, 
a similar succession of strata is observed dipping to liic norih. 
In this locality, the yellow sandstone contains that variety of 
calamite wliicli is cliaracteristicof the rock, and which is also 
abundant at Brickeen Island, near KUIarney, and in the same 
geolbffical positioD, underlying the limestone of the several 
troughs of tne counties of Waterford and Cork. In the car- 
boniferous slate of Rough ty Bridge, Beiepora membranacea 
was observed. I sholi mention one other locality in which 
the strata in connexion with the yellow sandstone have been . 
observed in the valley of the river Rouirhtv, namely* at the 
pier nt Kemnare. At low wate} in iliis place, graj- quartz rock 
ami black carboniferous slate may be observed dipping,' to the 
nortii under the lower beds of the carboniferous innestonc, 
which are exposed to view in an adjoining quarry. Inuiic- 
diaiely to the south of this quai 1/ ruck aiul slate, no rocks 
are visible, the strata being concealed by sand; but in a verv 
short distance^ beds of yellowish greed'aikt^ alternating with 
red slate and red limestone, occur which are identic^ with 
the strata visible in the localities already mentioned •under* 
lying the yellow sandstone: no doubt can therefore be enter- 
tained that this rock is continuous on the south side of tifs 
valley from Kenmare pier to Koughty Bridge. It is tme^ in 
this locality, as well as in most others, that the yellow sand- 
stone has not been seen nt the surface thronshout the entire 
length of the carboniferous iiniestoiic trough, as, owing to 
a thick covering of diluvial matter, or of bog, the precise 
boundary between the base of the limestone series and the 
old red sandstone rocks is rarely visible; but as the yel- 
low sandstone and dark gray carboniferous slate do occur 
in every place where the outer boundary of tlie limestone 
series is exposed to view^' I feel little doubt that these rodcs 
equally occur in those positions vrhere they are concealed from 
our view. If geologists were only to 'mark the limits of their 
rock districts m the precise localities in which the contacts 
are visible, no geological map could be formed. In maps on 
a large scale, the observed contacts might be shown by con- 
tinuous, and the supposed by dotted lines: but on a general 
map, though desirable, it would be impossible to cuter into 
such detail, or if attempted it would be iiiipracticabie, uii a map 
on which the features of the country are shown, to distmgui&h 
between the coptaiuous and the dotted lines. 
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- I shall next Very shortly allude to another point brought 
forward by Mr. Hamilton in his paper. In'ftpeAking of the 

district coloured old red sandstone on my large geological 
map which occupies extensive tracts in the counties of Water- 
ford and Cork, he observes, " As to classification, it appears 
to 1110 tint Mr. Griffith has thrown together two rocks which 
are vei v tli^tiiict, namely, 1st, The old red sandstone and its 
coiigloineratcs ; 2ndly, Compact arenaceous rocks, agreeing ia 
geological position with the upper partot the Devuiiiau series, 
as described by Professor Sedgwick and Mr. MarchifiOiu'' 

It appears to* me that Mr. Hamilton Is misldraii in scpar»* 
ting the old red sandstone lirom the Devonian mCem, as Pro* 
lessor Sedgwick and Mr. Mnrohison indnde the whole series 
under the general term Devonian : conseqnendji whether we 
apply the term Devonian, or old red sandstone^ to the systenif 
no advantage could be derived from its arbitrary subdivision. 

I freely ndmit that doubts may be entertained as to whether 
the yellow snndstone and carlionTfcmus slate, considered by 
me to belong to the lowest portion of the carboniferous sy- 
stem, should iiot be placed at the top of the old red sand- 
stone or Devonian system. This however is not a question 
of position, but ot lossils ; and as iiir as my present inlurma- 
tion extends, I still feel inclined to adhere to my original view, 
founded on the' fact, that in'-'aaoehdh^ in the old red sand- 
slane series the ffrst alteration observed Is a dia^ge from 
red and ydhmiMk green clay slate, to ydlow qnartaose sand* 
stone passing into light gray, which contains inj|hnndattee 
the pecnilar variety of calamite already mentioneda Below 
this sandstone no fossil remains have been discovered; above 
it they occur in abundance, and the upper beds whicli alter- 
nate with m-flv c1;iv slate and limestone coiifnin rf>*^ils whicli 
uiuldubtedly belong to the carboniferous l;incsu>iie, tiiougli 
<loubts may be entertained respecting a lew which occur to- 
wards the bottom of the scries. 

Should it appear on a more careful iuui extended examina- 
tion that some of the fossils of these. lower beds are similar to 
those which occur in. the, upper part of the Devdnian systemt 
dBRculfies #111 'still arise as' to where In a graduating seriea 
the line should be drawn' separating the Devonian irom the 
carboniferous system; and as far as Ireland is concerned, I 
think I. have adopted that which appears to be least liable to 
olijection ; but even on this point I. am open to conviction. 

In the mean time the fact to dwell upon is, that the mineral 
succession which 1 have pointed out In neath the carboniferous 
limestone of Ireland, is similar to tiiat described in North De- 
von by Professor Sedgwick and Mr. Murchison. 

In the conclusion of his paper Mr. Hamilton observes^ 
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that nil those Uaclfi which occur between Dublin and DoiH 
dalk, along the course of the Boyne, and in the hiiU separa- 
ting the counties of Cavan and Meath, which have been de- 
scribed as the older irrnvwacke or transition series by Mr. 
Griffith, Mr, Weaver, and others, are in reality al! conlbrra- 
able, nnd immediately inferior to the mountain iimeijione and 
superior to the old red sandstone^ and consequently belong 
to tiie Devonian series*." 

I confess I am turprised at the view here taken by Mr. 
HaiiiUton« m ooe of the UnotM oa wlucb bis argument is 
groiwdedtiuuiMlyytluit die rocks oolouied by me as trsnsitim 
&tm BopeHbr to tbe old red seodetom^ bafo been coneed^ 
stated by himself** to be inferior to that rock where it ocoiu* 
near Balriggan mill, N.W. of Dundalk, in tbe oottntjr of 
liHith, in which locality the old red Bsncistone rests tUMon* 
Ibrmably on the transition slute. 

In regard to the second point, namely, that the schistose 
rocks are succeeded by the limestone in a conformable posi- 
tion, I have to observe that such is not the fact; for in the 
onl} iucalities in which 1 have been hitherto enabled to ob- 
serve the contact of the two rock^, the limestone rests uncon- 
fonnahly on ihe transition slate. These localities are in 
tht^ 1 iver north-east of the Naid, in the county of Dublin ; 
at tbe Boutbem eKtremi^ of tbe village of Duleek, in the 
eonntjr of Meatb $ at Old Bridge on tbe banks of tbe Boyne, 
two miles west of Droj^beda» in tbe ooiinty of Loiitb ; and at 
Headlbrt near Kello, m tbe oounty of Meatb* 

Fortunately, in addition totbese lacts, we have also another, 
which is 4^te conclusive, namelyi tbe discovery of fossils 
belonging to tbe lover Sihirian rocks or Caradoo sandstone 
which occur in considerable abundance at Grangegeeth, four 
miles north of Slane, in the county of Meath : the fossils have 
recently been examineil by Mr. Murchison and Mr. Lonsdale, 
of the Geological Society of London, to whom I had sent 
them, and both are ut opnnon that they belong to the lower 
Silurian rocks f . Consequently we must conic lo ihe conclu- 
sion Uiat Mr. Hamilton'^ opinion is erroneous in respect to 
the geological position of the slate district^ north of Dublini 
and of that between JDrogbeda and Dundallu 

I bave now replied to all tbe important observations gd»> 
tained in Mr. Hamilton's papery wbicb tend to cast a doubt on 
tbe aficuiaey of my Geological map^ and I tbink I bave been 

* Sec Journal of the Geological Society of Dublin, vol, ii. part i. 

t The fossils fouod, and which have been compared with the original 
Siliirisn fonm collected hf Mr. MorcliiMniy ars OrMt tttridtnttfii aed 
Ori^ virgata ; in addition to which there are several other Ibnni ef tbe 

gsamOitkM wiikb tote act eijrst l ies n ciwi ^ idsBtiftsd< 
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able to sliow, in each case, that my original views have been 
supported by a careful rC'examination of the lacts. 
Dublin, January 17, 1840. 



XXXL On Hatfdenite an d Cotaeram'te, Bjf H. J. Brooks, 

JBsj., KBJS.* 

IN the last Number of the Phil. Ma^. p. 156, 1 observed a 
notice of anew mineral (Beaumontite) which M. Lev^ has 
fimnd Booompanjing Haydenite, a mineral that is said to 
occur near Baltimore in the United States ; and M. Levy 
remarks that I have classed Haydenite with Heulandite 
without assigning any reason for so doing. 

I did so from perceiving that the small and brilliant yel- 
lowish crystals on the specimen I exaniiiieil resembled Heu- 
landite, in having a nacreous plane in only one ilirection, cor- 
responding with the P of \V. riiillips (Mineralogy, p. 39. 
£d. 1823); in the form, as far as I could distinguish itm 
the minute and closely aggregated oondition of the crystals { 
and in thanear agreementy about llSPf of the angle between 
the nacreous plane and a plane appearing to correspond with 
the a of W. Phillips. 

M. Levy is doubtless aware of a variety of Heulandite 
finind at Arendal, of a brown or yellowish brown colonry 
in small bright crystals, and accompanied by stilbite in glo* 
bularly-radiated concretions of a dull yellowish colour. The 
specimen sent to me from America as Haydenite has a similar 
accompaniment of stilbite of the same description, and this 
circumstance tended to confirm my impression that Hay- 
denite was Heulandite. Jt is probable, tiierefore, that the 
specimen sent to me from America as Haydenite, is really 
not that minendy and I do not find anything like M. Levy's 
Beaumontite upon it, except that the crystals are small and 
brillianty and of a pearly lustre. " Mr. L* does not say on 
what faces this lustre appears in Beaumcmtite. 

1 find 1 have been formerly led into an error relative to Cou- 
»»ranite by specimens received from Parisi by Mr. Heuland, 
fi-om Mr. Pentland. On examining the crystals I found them 
to be felspar, and I accordingly stated, on the faith of the 
specimens so transmitted to Mr. Heuianil being genuine, that 
Couzeranite was only leispar. 1 have since seen other speci- 
mens named Couzeranite in apparently square prisms, and if 
these are the true mineral it has no resemblance whatever to 
felspar. 

H. J. B. 

* Comamoicatcd by the Aatbor. 
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XXXII. Obsetvations on the rrlnfivr Temperafwe of the 
Sea and Air, and ou vilici- FhLtnoinv)ia^ made du) ing a Voyage 
from England to India, Djj the Rev, J. H. PaATi', M,A,^ 
Member qf the Asiatic Society <^ Bengal, 

To the Editors of the Philosophical Magazine and Journal, 
Gfvtlemen, 

T SEND yott the accompanying obierfaUoos on the relative 
^ temperature of the sea and the saperincumbent air made 

at various latitudes ami lon^ritudes on a voyage from England 
to India, in case you should deem ihem of sufficient import- 
aoce to give them a place in your valuaiile Mairazine. 

I regret that ibey do not extend through the whol.- voyage. 
It was not till after passing the Cape that I recorded any 
observations. I was anxious to see what elleci the Mozam- 
bique Channel had upon the currents ; and after that I con- 
tinned my observations up to tbe Bay of Bengal. 

I have also given the resolt of a few observations on the 
velocity of the waves of a swell in nnfiithomable water. 

Once or twice I attempted to ascertain the temperature 
of the sea water at a considerable depth, such as 40 and 
100 fathoms. The method I adopted was this : I sunk a 
quart bottle, full of sea-water and well-corked, by means of 
a line, uud nllowed it to remain a concider:?blL' tnne (as an 
liour or more), that the water within ine bottle mi^^ht attain 
the temperature of the surrounding water by coudut tion. I 
then drew it uj) with great lapidity (ptrhaps ui i^^ minute), 
instantly uncorked the bottle, and tried the temperature. 
When I ponied tbe water into a gbus it would change its 
temperature very litde in 5 or 10 minutes ; bo I fdt assured 
that no mai change could have taken place in its passage 
from its lowest depth. I should have made more of these 
observations, but the utter impracticability of sinking a bottle 
wfell, except in a dead calm, prevented this. One day I had 
a bottle 200 fiulioms droji for one or two liours; a gentle 
brcr/e ^^prni^tr up, my bottle towed astern, and in puUingit 

in tin; I iiie broke ! 

A notice of my observations will be seen in the accompany- 
ing tables of temperature. 

I am, (Gentlemen, yours, &c. 

fiithop*s Palnee, Culniita, JoHN HbnRT PBkTT, 

March 1838. 
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Jlestdis of a Series of Experiments on the Tempei ature of the 
Sea, made hy J. H. Pratt, M,A^ mi hoard the ship Duke 
<lf BuGckughf bomd/or CakuUa. 

The experiments were begun on the east of the Gape. 
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I made the following experimeiit on the velocity of waves 
out at sea. Lat.87^«^& Long. 27" 25' W. 

There was aJwdZon the sea moving from fore aft; wind only 
foffioeDt to carry the vessel (all sails set) $teadify two or three 

miles an hoar* Two large floats were connected by a line 
forty fathoms in length, the line itself being supportecf on the 
surface of the water by smaller floats. This apparatus was 
towed astern by a long line connected with one of the large 
floats by one end, the oilier end bt in^i: wound round a reel. 

The chief officer watched the chronometer; the second 
oflicer held the reel fixed ; and I observed the large floats. 

A few seconds before the first lloat was raised to its greatest 
he^ht by a given wave, I gave a signal to the second oflicer 
to fit the reel run, and immediately the floats l)ecame sta- 
tionary in the water. 

At the instant the first float» and also at the instant the se- 
cond floaty was raised to its greatest height by the wave al- 
ready mentioned, I gave audible signals to the chief officer^ 
who marked the interval of time between the signals. 

A very good average of many trials gave a trifle less than 
six seconds of time wr the motion of the wave from float to 
float, i. e. over forty fathoms. This gives nearly statute 
miles an hour. 

The chief officer and I chan<red julaces, and came to the 
same result. iwo days nlterwards this was cuntiniied, 
though in rather a rough iuaniu r, by observing the motion 
of the vessel by a swell moving abuft. 

Calcutta. J. H. P. 



XXXIII. Researches in the Vndtdalory Theory of Light c<m- 
tinuedi On the Absorption ^ Light, Bif John ToveTi 
E$q. 

(Continued ftim p. 466 of last Votonie.) 
To ike Editors qf the PkHosophieal Magazine and Joumak 

Gentlemen, 

"V^OU v ill have observed that the fonnuhf* of my last com- 
inunication are deduced Iroin the fundamental principles 
of the undulatory theory witiiout the aiil of any assumption 
respecting the arrangement of the molecules or the nature of 
the constant quantities, /, &c., which appear in theintegra- 
. tion. Those iormuliu iiRlicaic, as was shown, that the trans- 
mission of the li^t may be accompanied by an absorption, 
or diminution of its intensiW, depending on the nature and 
thifK"^ of the medium through which it is transmitted, 
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and on the lenfftb of the wavti Tlii^ iben, is ^gmeral re^ 
wU from the tSsoryt ami it ogreesi as we kiiow» with eK» 

perience. 

We shall now i^roceed with the investigation, in order to 
compare the theory with experimeot a Utile Airtber. 
(14.) and (23.) we have 

« = • + (86.) 
and> by traiufonDatioiit 

e k:^VZ\ -a cos ikAJ:+ sin * » (37.) 

heoce^ if we put 

f •A# oos ft 1 =« 1% 

e*^'sinitA*s= 1^, (38.) 
we havfi^ by (8)^ 

f cs 2jp«+ v^^» 

if a 2|/fi + i/^. (39.) 
5^ as fl -f i/— 1. S7»» 

If we compare these equatbns with (2a) we shall find 

^, as 2;>tt', (t'^ = 2^1^, (40.) 

ily (IJ.) ami (20.) we ihid 

which) since n is real, gives 

(»«+«•) <r/ + (««+(j')<r, =» 2<r,ai. 
Hence, by elimiaating n\ and redueing) we find 

(2 (Tjfl-a— (o-^-<r) 0-,) (2(rgcr., + ((r'— <r) a'J 

= (<r,< + cr,-(rj K + (r^)S (42.) 

wliich, as appears by (38.) and (40.), expresses^ impliciUyi 
the relation between e and k. 

To obtain a precise idea of the movenicnt represented by 
the expressions (35.), suppose the arbitrary coefficients de- 
noted by a to be all zero except one ; then each of the sums 
will be reduced to a single term, so that we sball have 
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Put ae*' 9s a, nt -\- kx + b = then i; = a sin ^ = /3 a 
•in (» + y) = |3 a (cos y am » 4* sin y COS 0)) ; which last ex- 
pceauon for ( gitw 

— P a cos y sin w)^ = a sia y cos w)' 
as (/3 a sin y)^ (1 — sin^ a)* 
Bolt dnoe « ain « s i|| this eqoatioa gim 

(;--/3 COS y. 1})* = 0 a sin y)* —(^ sin y. 
h«nce we find 

3l 4.__^?L 2 cosy, . . 

^» + sini y |3cc>sii|3y •= * » l***^ 

Ml equation to sn ellipse of which ?| .ttid { eie the ooordip 
nates* 

CoMequentlvy when the system Is in the state of motion 

expressed by trie equations (13.) every molecule describes an 
ellipse round its place of rest ; and tiie equations (35.) show 
Lliat tilt ^ciiernl motion of the sybtem is equivalent to anujil* 
ber of coexisting' n^fions of the same kind. 

The period oi the revolutions of the molecules, in the 

moTement rspresented by (4S.)9 is equal to ; where fir is 

the circumference of a circle whose radius is unity. And 
thi.^ liiuveiuenl UaiidiDiued ihiougli the medium in a series 
of continuous waves; the length, or rather thickness, of each 

wave being -p. The direction in which the waves travel 

depends on the sign of A» supposing tliat of n to continoe 
die same. Bnt, by the equations (22.), it appears that the 
sign of A is arbitrary : therelbre n as well as the arbitrary 
quandties a and b, may be written cither positively or neg»*^ 
ttvely. Now if we change the si^ of a, fi, 6, in (43.), it is 
virtually the same thing as changing the signs of k and 
while those of a, % ^ remain the same. Conseqoently, when 
we take for the positive direction of that m which the 
waves travelf we may write the eqnadoos (43*) thus: 

1) = a e * * 6ln{nt " k£ + ^)» 

?a:/ifle"sin(ji/-** + *-y), ^^^"^ 

and suppose n and to be positive. 

The in tc ns i rf of the li|^t is oonsidcied to be msasorad by 
the flit vhm or the molemleis which, when other things are 
equal, isproportional to the square of the amplitude of vibra- 
tioii. Thna^ when the movement is wpfes s nkd by the 
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intensity is proportional to e ^"-^ fi^a^e hence, if we 

put ess p!*a*f it will be proportional to ee^**. Sop- 
pose the origin of to be at the surface of any medinm on 

which the light faUs ; then ee^*' will be the intensity of tlie 
light after it has traversed a thickness of the medium equal 
to jr. And if c,f c^^c^, ... be the values of 

(a^-f /3«rt*) and s respectively in the general expressions (S6.), 
the intensity of the light in the transmitted ray will be 

CiC^''" + cy'*"" + cgif*''* + &c. (46.) 

If we were to put y, y,y, ... for e**', e*** , e*** , ... in 
this formula, it would become the very same as that which 
was devised by Sir John Herschel to represent the law of 
absorption as indicated by experiments. 

The formula (46.) shows clearly cnoiinh the manner in 
which the absorption depends on the thickness of the medium, 
and it indicates, by the diiTereiU values of e, which belong 
respectively to different values of X', that the absorption is 
different (or waves of different len^s. But the relation of 
• to which, as we have seen, is implicitlv expressed by the 
equation (42.), is so extremely complicatea that the readiest 
way of testing our theory with reference to it, seems to be 
bv inquiring whether experiments show that it is of so com- 
plex a character. Now the nature of this relation, as in- 
ferred from experiments, is stated by Sir J. Herschel in his 
excellent paper on the absorption of light, published in vol. iii. 
of the current scries of your Journal, w here at page 402, he 
says: — " If we represent the total intensity of the light, in 
any point of a partially absorbed spectrum, by the ordinate 
of a curve, whose abscissa indicates the place of the ray in 
' the order of refrangibility, it will be evident from the enor- 
mous number of maxima and miolroa it admits, and from 
the sudden starts and iire^uent annihilations of its value 
through a considerable amplitude of its abscissa, that its equa- 
tion, if reducible at all to analytical expression, must be of 
a singular and complex nature, and must at all events involve 
a ^reat number of arbitrary constants, dependent on the re- 
lation of the medium to light, as well as transcendents of a 
high and intricate order." This character is very suitable 
to our ecjuaiion (42.), and may, therefore, be taken as an evi- 
dence of its truth. 

That a spectrum absorbed in the apparently capricious 
manner described in tlie above extract, would result from the 
relation between • and k implied in (42.) may be thus shown. 
Suppose^ in the first plac^ s to be zero, and A*^ t^'^i ^if •** 
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to be the toots of the equation in that esse: then the waves 

of which the ieogUis arc , y , i- , ... will be trans- 

mttted without absoiption, and consequently will form a num- 
ber of bright lines in the spectrumt yet probably too few to 
affi>rd9 by themselvesy any sensible light Now suppose § 
to decrease gradually, then nil the roots A-j, • will 
vary, but not with equal rapidity. Some of them may be 
changed in magnitude considerably by a very small change 
in ff, and, consequently, in the parts of the spectrum to which 
these roots respectively corrcsppnd, lliere will be bright 
bands. Other roots may be only slightly affected by n con- 
siderable change in f ; hence there will be, in the parts ot the 
bjiectruni which correspond to these roots, rapid variations 
in the intensity of the light, producing dark bands or dark 
lines. 

Perhaps the ecjuatioii (42.) which we are considei ing, may, 
in certain cases, be much simplified ; but I cannot proceed 
with the subject my further in the present paper. 

I am, Gentlemen, yours, &c., 
Littlcnioor, Ciitheroe, Feb. 6, 1840. John Tovey. 

P.S. In my last paper, vol. xv. p. 451, last line but three, 
Jbr increasing indenniteiy read increasing or diminishing in- 
definitely, —p. 452, line 14, /or cos mi = 4/— 1 . sin m s 

read cos m «+ \/ — 1. sin m f p. 4.5.;, line ^Syjar f,^ «, trad 
p^a^l and line 29,ybr 0, read m^; —p. 454, line 21,^0/' (23.) 
rmd (33.) \intB9»axid'2S, for e^* read €•» 



XXXIV. — On the IHrecliwi and Mode of Propagation of tie 
Mlectric Force traversing Interposed Media* GfiOBOB 
J. Knox, Etq^ 4.M., M.B.IJ.* 

HATEVER theory be adopted to explain the passage of 
^* the electric force traversing an intervening fluid or solid 
sabstance not undergoing electrolyzation, — whether we 8up« 
pose it to originate in nn inductive influence affecting tlie or- 
cumambientaether of each particle of the substance in the line of 
direction of the force, in whose alternate states of induction and 
equilibrium consists the passage of the electric current, (the 
rapidity of snch changes constituting its intensity,) while the 
vibratory motion produced in the particles of the tCther on 
each successive return to a state of equiUbrium causes the 

• From the TraaiectioBt ef tlw Rayallrifli Acsdeoif, vol* atx. 
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phaenomenft of the light and heat developed ; or wheth^ we 
adopt tlie gross conception of the passage of a fluid; still it is 

important to determine if the electric force passes along the 
surface of the interposed &ubstance9 or through the interior of 
its mass. 

Dr. Faraday* has shown tliat water wiii convey a feeble 
current of electricit} , \s ilhout undergoinj^ electroly/.ution. To 
dcleiiaiiic wiictJier, under such circuiiisUiiicei>, it will convey 
an electrical current along its surface or through its substance^ 
a glass tube^ tea leet Jong, and half an inch iatemal diameter^ 
hSkl in the centre twice at right angles^ was fillcMi with disdUed 
water. Two copper wirest twenty feet long, having plattna 
wires soldered to their extremities, were inserted in barometer 
tubes of six feet in length, the platina wires being sealed in 
the tubes within half an inch of their extremities. The other 
emh of the copper wires were connected with a delicate gal- 
vanometer, and a constant battery of successively oo^ twoy 
four, &c., pair of elements. 

On nnmersing the platina \\ it m tlie liquid, their relative 
distances from each other should decrease if the current passes 
through the water, but should increase if it passes along the 
8ttriace» the deflexion of the galvanometer indicating the path. 
With one pair of elements there was no deflexion of the gal- 
vanometer; with two pair of elements there was a sli^t de- 
flexion visible through a lens, which increased slighdy on im- 
mersing the platina wires in the liquid. With four pair of 
element^ a deflexion of two degrees took place when the pla^ 
tina wires were on the surface of the water ; a deflexion of 
four degrees when they were immersed to the bottom of the 
tubes. As the number of alternations in the battery increased, 
so did proportionably the comparative detlexions of tlie gal- 
vanometer; the experiments ]}rovin£r that water, whether un- 
dergoing electrolixation or not, conveys an electric current 
throtigh its substance^ and not along its surface, and that tlie 
decomposition of the water is an effbct produoMl by the paa- 
sage or the electricity when of sufficient mtensity, and not the 
necessary consequence of its passage. 

A similar experiment having been tried with phosphoros 
melted muler spirits of wine, (being a non-conductor^) it was 
found to obey the same law with water; that isii to convey the 
current through its substancef . 

To determine whether the metals followed the same law, I 
suspended from the top of the new patent shot tower at Wa- 

• Series Vni. (970.) 

t It was unnecessary to ti^ similar experiments with the anali^tts 
bodie^^ sulphur, selenium, and lodioe. 
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terloo-bridge a leaden pipe» 170 feet long, and thra^fourths 
of an inch internal diameter, through which was drawn an 
insulated copper wire, 180 leet long, one extremity of which 
being soldered to the inside of ^he end of the pipe, this end 
was sealed with fused metal, nnd to its external surface was 
soldered a copper wire of the same length as the former; 
round the tube, ai its oridce, wns twisted a copper wire ten 
feet long. The insulaieii wire being coniiected with a con- 
stant battery of one pair of elements in contact with one pole 
of an exceedbglv ddicate galvanometer, fconstruetod by Mr, 
K M. Clarkt or the Lowtner ArcaJc^) tha othar {>ola of the 
galranometer waa brought suoceasivaly in contact with tha ax* 
tmnitiai of tha uninsulated wires. The defiauon was greater 
whan the current passed along the wire connected wUh dia 
orifice of the tube, (although here the contact was not so 
good,) than whan it pasiad along that soldered to tha sealed 
extremity. 

Again, the uninsnlaiLcl wires beini^' connected with separate 
galvanometers, so as lu allow the current ot electricity to pass 
along eitlier of the uninsulated wires alone, or to be distributed 
between both, it was Ibund (as well as could be deiennincd by 
transposing the galvanometers,) to have divided itself into two 
aquai currents flowing along both wiras. 

From tha first axperimant wa may ufar that a currant of 
electricity passes with greater ladliQr along the surHuie of a 
metal than through tha interior of its massi although we can- 
ttot hereby infer that It could not pass through the interior of 
the metal, when this is the only road open for its transit*. 

To the experiments with phosphorus it mi^rlu he objected 
tliat its capabiiity lor conducting :hi electric current is due to 
the presence of water, of which some have supposed that it 
could not be entirely deprived, alilioiin^h the experiments of 
Sir H. Davy, wherein he obtained hydrogen and oxygen from 
sulphur and phosphorus by heating them in contact with }k>> 
tassium and sodium^ and by submitting tham to the electrolytic 
action of a powerful salvanic battary, did not prove that they 
were united with the oasis of these substances in such propor- 
tions as to form water, nor indeed does he appear to have 
entertained such an opinion himself. His opinion of tha na- 

* The conducting power of mercury for electricity renders it al- 
most impoitbible to determine, bv this method, whether metals in the Jiu 'ul 
state obey the mnie laws of conffticdon as when in the solid state. If they 
do not, it is highly probable ihcr* i ; general law, that aU solids conduct 
along Iheir surface, and ait Jtuula throui^h /heir sn/jslancc. The iavest^atioD 
of such general law i propose to continue in another, paper. 
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ture of sulphur was, that it was a compound of small qaan« 

titles of oxygen and hydrogen, with a larjre quantity of a 
basis, that produces the acids of su]j)hiir in comhnstion, and 
which^ (in account of its strong aUracLion tor oilier bodies, will 
probably be difficult to obtain in its pure form*." To put the 
fjucstiuli beyond any further doiiht, I will mention some ex- 
periments which I tried in the hib oraiary of the Royal Dublin 
Society in the year i8:i7, luiviii^ badj duough the kindness of 
Professor Davy, a galvanic battery of sixty pair of plates> five 
inches square, pot at my dispoML 

When fused phosp]iorns» sulphur, selenium and iodine, 
were submitted separately to the action of this battery charged 
with a stronff aeid aolution, they conveyed the electrical cmv 
lent freely during the whole time, giving a spark whenever 
contact was broken; yet at the end of two hours they showed 
not the slightest trace of decomposition, no gas being evolved 
at either pole, which would have been the case had there been 
any water pi cseiU. 

Having by these experiments shown the direction of pro- 
pagatiun of the electric torce, I will now consider the source 
from which it origmates in the voltaic pil^ the mode of its 
transfer, and its sustaining principle. 

Sir H. Davy'sf oj>iiiion that the contact of the metals was 
the^jr/wwwi mobile of voltaic excitement, haviug bec-u piuvcd 
by Dr. Faraday:}: to be erroneous, chemists are now pretty 
generally agreed that the electrical force devdoped in the vuiU 
tmc pile Is due altogether to chemical action, oonoemtng which 
there are Sifierent opinions; of theses I will mention two^ which 
are the most a^licable to the present aigument-— Ehr. Far»* 
day's} and Mr. Becquerersl;. The former supposes that the 
development of electricity is due to decomposrtion alone, and 
in no case to the chemical union of bodies ; while the latter 
contends that it is due to both, and in proof of his cpoiicm 
shows that when an alkali unites with an acid, with a neutral 
salt, and in fact with any solution whose natural state is with 
rcirard to it electrically negative, a current of electricity will 
How iruin the alkali to that solution. Sir H. Davyf has taken 
u different \ iuw of these experiments from Mr. Becquerel, 
supposini^ ihat the electric current is produced by ilit action 
of tlie acid or alkali upon the platinum |)lates; but die latter 
has shown that the electrical current is produced equally when 

* Bakerian Lecture, 1800. t Tnmti., Bskerian Lecture, 1826. 

X Eighth Seriei,(880). § Eighth Scries, (927) (928). 

y ToBu u. from |M|ge 77 to 8L 1 Pha. Trans., tiakeriaa Lecture, 18106. 
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no null aetei could take place, the piatiimiD poles being 
plieed in tepamte eaps filled with water*. 

The accuracy then of Mr. Becquerers experiments having 
been fully established, the question arises, how are we to 
reconcile them with other well-known contradictory tacts ? 
such as for instance those of Sir H. Davyt,— ^olnl potash 
and sulphuric acid combining; in an isolated platimnn cruci- 
ble, :uiti causing no electi ical deveiopment. Again, a plate 
of copper and of sulphur^ when heated, have their elec- 
trical states increased until chemical action begins, when they 

The simpiett and dearest coarse, and that most reeoncUo* 
able with the laws of statical electricity, seems to roe to be : — 
to consider that no dcctrical development is caused by the 
union of an alkali with an acid, (the electricitj being thereby 
disguised,) but that, at the instant before the union takes place, 
the particles of the alkali and of the acid, being in opposite 
electrical states, affect their surroundmg particles by induc- 
tion, causing thereby a feeble current of electricity to circulate 
from the acid ihrougii the gaivaiiumeter to the alkali, wIik Ii 
supposition is borne out by the i'uct, that a dry acid and uiiiiili^ 
when in contact, show opposite electrical states. 

The ssme argnments apply equally wdl with regard to 
thermo-deetriciQr. The contact of two metals procHtoes in 
them opposite decCrical states. Their chemical union in an 
isolated vessel |;ives no electrical devdopmcsit; thus a " solid 
amalgam of bismnch and lead become liquid when mixed 
together, without producing any electrical effect}.*' Again, 
•*a thin plate of zinc placed upon a surface of mercury, and 
•separated by an insulating body, i« fonnd to be positive, the 
mercury n^ative; i)Ut when kept together a sufficiently long 
time to amalgamaie^ the compound gives no signs of elec- 
tricityl." 

These experiments explain why the contact of the two ex- 
tremities of metallic wires, constituting a dosed circuit, should, 
as the potash and nitric acid just mentioned, prodnce an in* 
dnoed electric current That the electric states of different 
metals in contact, when excited liy heat^ do not follow the law 
of dieir natural electrical states, and change on increase of 
temperature, is no argument against the explanation I have 
given, for upon what this change in the electrical exdtatioii 

• He might have added another experiment, free from ail objections — 
luunelyt the increMed intendty eont^equant upon ao increMcd nomber of 
alternations of acid and nlkali. 

t Phil. Trans., fialierianlieclan^ 1807* 

X Ibid. 
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protiuceci by heat depends, whether upon a pecuh'ar arrange- 
ment of tlie crystalline parts of the metal, or of their compound 
elementary particles, we arc as yet perfectly ignorant. 

That the same general law of the contact of metals and of 
fluids applies equally (although in an inferior degree, owing 
to their want of condacting power) to the contact of the gase% 
may bo shown by the expenment of Dr. Faraday (Sixu Sa- 
lias) of the union of hydrogen and oxygen by a plate of pla* 
tinnm; the electrical force, which circulates by the interposed 
platinum plate> facilitating the union of the two gases*. 

To return to the source of the voltaic force in the battery. 
Zinc, when placed in contact with a dry acid, has been found- 
to beconu! positively electrified. When the zinc plate has 
been immersed in the acid solution, being positive, it attracts 
oxygen, by union with which its electrical state is disguised, 
while the h^ilionfen, set free in a highly positive electrical 
state, reacts upon the oxitle ui zinc, rendering it negative by 
induction. The platinum wire connecting the positive solu- 
tion with the negative sine pkte» veduoes all for the moment 
to a state of equilibriaro» so thai the eleetridty becomes dis* 
guisedy not transferred bodily from the platmum to the ainc ) 
which state of equilibrium is no sooner restored than it is de- 
stroyed, the zinc regaining its positive stat^ and the oxide 
being removed by the acid. 

If we consider then what takes place, we shall perceive that 
the zinc plate undergoes alternate stntes of induction and equi- 
librium, as do likewise the particles of the solution between 
the zinc and platinum plates, and, in fine, the platinum plate 
itseit, and that as the number of alternations ot /uic and plati- 
num increases, the electrical energy of the zinc plate increases^ 
as does also the rapidity of its oxidation and deoxidation^ arid 
as a consequence the rapidity of change of induction and equi" 
IHrriuvi upon wkick the intensity of the current depends. 

llie decompositbn of the electrolyte may be considered to 
be theefiect produced by two forces acting upon its particles; 
the attraction of the polesf of the battery (whether they be 

* Aqueous solutions of lUHercnt gases, when brought ioto contact, have 
been found to produce electrical currents. 

t In plnce of pnU-s, I should more properly have saiti electrodes, their 
boiirdin j surfaces. It follows, as a consequence of the theory, that the 
particles ot oxygen in contact with the electrodes should attracted by, 
and iet free from, those electrodes upon each alternation of tk» states of 
indQction and equilibrionij and that, when the induced state hat not su^ 
jficirnt energy to overcome the affinities aheady engaged, the current of 
eluctricity [msscs without producing eicctrolyzation. For a different ex- 
planation, vid.Dr. Faraday's Screes of Researches, 493, 494, 495,534,535, 
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mctfil, water, or air) originating^, while the electrical states 
induced upon the particles give the direction to tiie eiectrolj^tio 
action. 

From what has been saitl nbove, wc iuay, I ihiuk, |>ri ^iime 
that an electric current originates in a natural electro-induc- 
tive power of bodies when brought into contact, and is con- 
tinued ikltemate stales of kdiictkai and equiUbrinm, the 
tapidily of eliange of stats cooititDtiog its ifUensity, And 
inasmuch as the aocamolation of the electric sether on the snr* 
face of the particles by the iiuluctive foree» and its recesnon 
on each return to a state of equilibrium produces what may 
be called an oscillation in the ether, the theory may be other- 
wise stated thus: — the mass of oscillatlnr^ rcther which sur- 
rounds the particles constitutes the quantity, while the rapidity 
of the oscillations constitutes the intensity ol an electric cur- 
rent 

The late expciimenls of Dr. Farnday u])')i\ liuiiuticn 
(Eleventh Series) showing that an iiisuiaietl body s^lhe j/ai ucics 
of bodies may be presumed to be such) cannot receive an 
abaolttto diarge of eleetricitya bnt only an inductive charge, 
aflbrd a strong argument in fiiTour of my Tiews* 

The theory proposed in this paper, and deduced firom the 
experiments or Sir H. Davy, given in his Bakerian Lectures, 
is an extension of the views therein developed, reconciles the 
contact with the chemical theory, and reduces to the laws of 
ttaticnl electricity all the phicnomena of electricity in motion. 
I will now endeavour to show how the law of the definite 
nature of electro-chemical decomposition, so beautifully de- 
veloped by Dr. Faraday, follows as a consequence from this 
theory. Were the particles of all bodies endued with ihe 
same quantity of electricity, iu^d of the same density, it is 
evident from the laws of sta^cal electricity, that no one body 
could have an attiactioa or repubion tor another; conse- 
quently, it is an evident fiict^ that the quantity and density 
ot the electric sother varies in different bodies; and as, horn 
the theory above stated* electricity never leaves the partides^ 
but merely (to use the words of statical electricity) accumu- 
lates upon the surface, and returns, it follows that the elec- 
tricnl states of the particles of bodies arc constant nnd unal- 
terable, and therefore it is obvious that the law discovered by 
Dr. Faraday follows as a consequence lioni this hypothesis, 
uliich is at once clear and simple, which includes all the phie- 
n(jinena, and is bnt a reference of the laws of statical electri- 
city to the particles of bodies in place of their masses* 
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JSnearckfi m Fluorine, By G. J. Knox, A,M,^ M*KLA** 

1. On ihe Itisulalion of Muorine, 

a raper on the Insulaiion of flnorioe which tlie Rev. 
Thomas Knox and I had the honour of presenting to the 
Royal Irish Academy in the year 1837t, and wliich \v[i> nfter- 
wards published in their Transactions, (vol. xviii. p. 127,) we 
proved that we had obtained Huorine in an insulated state, 
by shovviiifT its aclion u|Hjn bismuth, palladiuni, and gold; 
but being unable, from our mode of cxpci imenting, to deter- 
mine what the nature of fluorine at ordinary temperatures 
might be, L e. whether it be a solidy a liquid, or a gas, we 
suggested that such information might be obtained from the 
electrolization of a fluoride, using as the positive electrode 
some substance with which this energetic principle should 
not enter into chemical combination. 

" Finding that, since the publication of our paper, no per- 
son had entered upon this field of investigation, I considered 
that the ultimate solution of this problem devolved as a point 
of duty upon myself; under which impression 1 undertook 
the following experiments. 

A fluorspar stopper was made to fit the mouth of one of 
the fluors]>ai- vciiiels described in our fornici paper ; that 
part of the stopper within the vessel being made of tlie form 
of a «emi*cone^ the Teitex of which reached nearly to the 
bottom of the TesseK. Through the stopper were drilled ver* 
tically three small holes, one through its entire length, the 
other two through one-'third of its length. In the flrst 
was inserted a platinum wire^ to be used as the negative 
electrode ; in one of tlie two small holes was inserted a thin 
platinum uirc, liound round a piece of charcoal, intended to 
ibrm ilic jio'.itive electrode; in the other hole I put jrold- 
leaf, litmus, or any other substance upon which I wislied to 
try the aclion of the gas. Matters beiufr so arranged, the 
fluorspar vesj^el was about hall lilled with anliydrous iiydro- 
fluoric acid, the chemical purity of which had been previously 
ascertained* The platinum wire forming the negative eleo 
trode was raised a little above the bottom of the stopper, in 
order to allow ihe bubbles of hydrogen to rise through the 
perforation in the stopper, in piace of mixing with the flu- 
orine in the vessel; the wires were then placed m contact with 
the poles of a constant battery of sixty pair of plates, and 

« From the Proceedings of the Roval Irish Academy, 
t See Load. & Edinbw Phil* Mug., vol. ix. p. 107. 



Digitized by Google 



Mr. G. J. Knox's Researches on Fluorine. 193 



the action was allowed to continue for the space of two hours ; 
at the end of which time the litmus was found to be reddened. 
And the gold not acted upoOy but a large quantity of sub« 
fluoride of iron formed. 

In the next experiment I made use of a piece of char- 
coal, from wliich the iron had been removed by boiling it in 
nitric acid; in this experiment there was no subHuoride ui 
iron formed, but the vessel was found to contain fluosilicic 
acid gas. 

In a third experiment apiece of charcoal was employed, 
which had been previously freed from all metallic impurities 
and from silica, by being first boiled in pure nitric acid, and 
afterwards in hydrofluoric acid. Employing this purified 
charcoal as the positive electrode, I obtained no immecUale 
action upon the litmus paper; but after the action had con- 
tinued iov two hours, it was found to be completely bleached, 
while the gold had undergone no sensible action. That the 
bleaching was not ilue to tlie action of the vapour of hydro- 
fluoric acid was ascertained, by leaving litmus paper for se- 
veral hours in tiie neck of a pladnuni retort, irom vslnck iiy- 
drofluoric add was distilling. 

The battery was now kept in action for fifteen hours, at 
the end of whicli time the vessel being examined, the litmus 
had disappeared, and the cold-leaf showed signs of having 
been ttxongly acted upon, having assumed a dark brownish 
colour, and having gathered itself into little ballsy as if it 
had undergone the action of heat* The platinum wire was 
acted upon in those parts where it was in contact with the 
charcoal, but nowhere else. 

When tlie platinum wire forming ilie positive electrode 
passed through the stopper to the bottom of the vessel, the 
hydiogen, in place of rising through the perforation in the 
stopper, as in the former instance, rose now into the receiver, 
where, upon applying a li^ht, it exploded, showing that it 
does not enter Into combination with fluorine without the aid 
of heaL The presence of the vapour of hydrofluoric acid in 
the vessd prevented me from determining bv other experi- 
ments how rar fluorine was a supporter of combustion. 

To determine the colour of the gas, a stopper of fluor* 
spar similar to the former was made to fit one of the trans- 
parent fluorspar receivers formerly described* Tlie gas 
evolved in the receiver appearcil colum less- 

As tlie action of the gas upon glass could uoi he (l<-[er- 
muied, owing to the presence of the vapour of hydrotiiioric 
acid, I fused in a bent tube ot Gerninn glass (such as is used 
in organic aiudybi^) fluoride oi lead, ibc wuc liokling the 

F/tiL Mag. S. 3. Vol. 16. No. 102. March 1840. O 
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charcoal was made to pass through a cork inserted in one 

end of the tube, the other platinnrn wire merely dipped into 
the fused iluoride. On connecting: the uiresMvith ilie bnttervj 
strong elecliolytic action commenced, bubhics of {fm were 
evolved rapitily at tlie surface of the charcoal, which, on ar- 
riving at the suilkce of the fifsed fluoride of lead, acted in- 
btantlv upon the glass. The litmus paper was not bleached, 
nor iJie gold-leaf or platinum wire acted upon. Whether 
fluorine wouid act upon perfectly dry cold glass remains ta 
bepfoved. 

Cbiidttif0ii.---Fiuorine then, when obtained in an instH 
lated state, is a colourless gas, possessing properties analogons 
in all respects to those of chlorine ; having, like it, strong at- 
trative powers for hydrogen and metals, bat inferior to it in 
negative eieotrical energy. 

fl* Ihie an a Compound Muorine mth Seteninm. 

When tlie vapour of selenium is passed over fluoride of 
lead fused in the platinum apj^aratus which 1 taiplujed iti 
obtaining the floorides of carbon and cyanogen, a selenitttel 
of lead IS formed, and crystals similar in form to those of 
llnoride of carbon are condensed in the cold recei?er. These 
crystals are soluble in strong hydrofluoric acid. They sublime 
unaltered at a high temperature. They are instantly decom- 
posed by water or acids, in which property they resemble the 
fluorides of sulphur and phosphorus* 



XXXV. On a simple mode of ohtaintng from a common 
Arpnnd Oil Lamp a fircatly increased quantity <^ lAght : in 
a UiUrfrom »Sir J. iltiiscuEL, Bart. 

To the Editan of the Philotaphkal Magazine andJoumoL 
GsNTUUfsir, 

nPHE lyiowiflg simple, easy^ and utiexpensive mode of 
^ greatly increasing the quantity of light yielded by a com* 
mon Argand burner, nas been used by me for some years, and 
isadaptS to the lamp by which I write, to my greatly increa* 
sed Comfort. It consists in merely elevating the glass chimney 
so much above the usual level at which it stnnds in the burn- 
ers in ordinary use that its Imcr edge shall clear the upper 
edjie of the circular ivick by a space equal to about the fourth 
part of the exterior diameter of fhe wick itself. This may 
be done to any lamp of the kind, at a cost ot about sixpence, 
by merely adapting to the frame uhich supports the clnnmey 
four pretty stiii* steel wires, bent in such a manner as to form 
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four long upright hooksy iawbich the Uyverend of llie chimnfty 
mt»; or still better if tbo lamp be so orkinalljr oonstntoted 
as lo sustain the chimn^ at too required dbvadon without 
such addition, by thin la mince of brass or ironi having tlieir 
plnnes difeeled to the axis of the wick* 

The proper elevation is best determined by trial ; and as 
the limits: within which it is confined are very narrow, it would 
he best secured by a screw motion applied to the socket on 
wliicli the lamina} above mentioned are fixed, by which they 
and the cliimney may be elevated or depressed at pleasure, 
without at tlie same time raising or lowering the wick. Ap- 
pruxiriiately it may be done in an instant, and the experinieiiL is 
not a little striking and instructive. Take a coiamuu Argand 
lamp, and alu^rnalely raise and depress the chimney vertically 
Ikmb the level whm it usually rests, to about as fax above 
the wide, with a modeiately quick but steady motion* It 
will be immediately perceived that a vast difierenoe in the 
amount of lidit subsists in the different positions of the 
cbimnejy but tiiat a very marked and sodden maximum oc- 
curs at or near the elevation designated in the commence* 
ment of this letter : so marked indeed as almost to have the 
eATect of a flash if the motion be quick, or a sudden blase 
as if the wick-screw had been raised a turn. The flame con- 
tracts so?Tiewhnt in diameter, lengtheoSf ceases to give off 
smoke, and attains a dazzling intensity. 

With this gront increase of light tliere is certainly not a 
Cortes[)oiidingI\ inciLa^cd consumption of oih At Icrt^l ilie 
servant who trims my lump reports tliat a lamp so iliu d ( uii- 
sumes very little if any more oil than one exactly similar ou 
the commun piuu. 

I have the honour to be, Sir, 

Your obedioit servanCf 
Slough, Psb. 15, 1840. J. F* W« Hrrbchbl. 



XX XVI. Observations on the Blood Corpusdet^ or BedPm'* 
iicleSi oj ti Mammtferous AnimQli* By George GuLLlVBUt 
F.BJS^f F,Z.S., Assistant Surgeon tQ the B/aQfol Regiment ^ 
Horm Guards. No. III.* 

AN account is now to be given of the blood corposclee of 
several other mammalia which I have examined since 
the publication of my last papers ; and similar communica- 
tions will be continued (iccasionally, until the observations 
hnve hvou made as complete as possible, when, as already in- 
timatedi they will be presented in a systematic ibrniy &o as to 

* CkmuDunicated bv the Author* 
OS 
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exhibit a comprehensiTe view of the results, particularly as 
r^rds the size and figure of the blood particles in the dif- 
ferent subdivisions of the mammiferous animals. 

It is very desirable that the blood of the larger species of the 
cetaceous animals should be examined; for nlthoiinrh the cor- 
puscles of the Mouse (13.) are bigger ilian those ot tiie Horse 
(34.), and there is generally no relation between the size of 
the anirn.il and that of its blood particles, yet they are larger 
in ibe Elephant (51.), as far as we at present know, than in 
any other mammal. The corpuscles of the Goat were the ' 
smallest known to physiologists before my observation of the 
singularly minute blood disks of the Napu Musk Deer 

in some instances the corpuscles are found to be a little 
larger in the dead than in the living animaU although they may 
subsecjuently become smaller, in consequence of the removm 
of their colouring matter by the serum. It will be perceived 
that many observations have been made on the blood after 
death ; these have led me to ascertain that the particles are 
subject to modifications in size, and in some degree in shape, 
as compared with those of the living animal ; and similar va- 
riations are often observable during life in disease. Besides 
the instances m vviiitli these tacts are barely indicuLeil in the 
fnreceding communications, it mnw be mentioned that I have 
seen the changes in the human blood particles. Thus in a 
man afl^cted with dropsy, in connesion with granular de- 
generadon of the kidney^ some blood was drawn from a vein 
of the arm, and the corpuscles found to difier remarkably 
from those of the healthy subject. Though examined before 
the blood was perfectly cold, as well as after the lapse of a day, 
their size was singularly irregular, generally smaller than r^a- 
turai, having an average diameter of only l-410()tii of an inch. 
But as the morbid conditions of the blood corpuscles are pro- 
bably more extensive and important than has been hitherto 
supposed, this is a novel and interesting subject for fiu tlier 
and special inquiry ; and li is merely alluded Lo at present as 
one of the many circumstances under which the size, form, 
and general appearance of the disks are liable to variations, 
which will doubtless attract the attention of pathologists 
now that the necessity of minute researdies concerning the 
morbid as well as healthy fluids has been so fully recog- 
nised. 

With regard to the blood corpuscles of the fcetus as com- 
pai^d with those of the mother, I apprehend that I have de* 

^ Se e Dnhliii Med. PrcM« No. 37» 1839, and AnnaU of Nat. HUt., 
&c. Dec. 1839. 
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tected a source of error in some of the observations. The 
statementy therefore^ formerly made (IS.) is withdrawn for the 
present; and 1 hope soon to be able to give the result of ano- 
ther inquiry on the subject. In the mean time I may mention 
that in the tbetal Guinea pig at the full period of utcro gestation 
the corpuscles corresponded in size with those of tlie mother; 
and in a human foetus at the fifth or sixth montii tiiey were 
sinaliur tlian in tlie adult. 

116. Mona Monkey, {CercopUhccus Mona,) a male about 
a third grown. Most frequent sizes of corpuscles l-3554th 
and 1-S428tb» Extreme atam^m, ]-5S3Sra and 1 -9900th. 
Blood from the left coronary vein as well as from the di£ferent 
cavities of the heart. In the blood the inferior cava vein 
the corpuscles were more variable in size* the extremes being 
J-4800th and l-8400thy with most numerous intermediate 
gradations. 

117. Sooty Monkey, {Cercopitheoisjuligitwsus), a female 
about half-grown. All the following diameters very frequent, 
l-3600th, 1.3428th, l-r^368th, and l-3200th. Extreme sizes 
1 -5333rd and l-3000th. Blood from the left ventricle of the 
heart. 

118. Patas or Red Monkey, (Cercopitheais ruber,) a female, 
nearly full-grown. The disks most commonly l-3330th of 
an Inch in diameter ; extreme ^ases, l-^OOOth and I^SOOOth. 
Blood from the pulmonary artery and vein, a few hours after 
death* 

1 1 9. Crown Monkevt (Cercopilhecus piUatuSf) a male about 
two-thirds grown. The following the most common sizes: 
1- 3635th, l*36poth, and 1 -3423rd. Extreme diameters^ 
l- lSOOih and USSOOth. Blood from a prick of the fore- 
hand. 

120. Vervet Monkey^ {Ccrcopithecus pygcnflhrns^) an adult 
male, l-3309th, l-3429tli, and l-3352nd conniion sizes: ex- 
treme diameters l-4000th and l-2900Lh of an mch. iilood 
from a vvuiuid at the erjd of the tail. 

121. Dog- faced Baboon, {Ct/nocephalus atmbis?) a female 
about half-grown. The dried corpnsdes l-SGOOth, l-35dOth 
and l-5488tb generally; extreme diameters l*4000di, and 
l^SOOOtb. In the serum there were several disks exacdy of 
the same magnitude, besides many of smaller size^ viz. about 
l-5333rd of an inch in diameter. 

The blood was procured from a wound of the tail, and ex- 
amined in less than two hours afterwards. The shrinking of 
some of the corpuscles in their own serum is well exemplified. 
In another dog-faced Baboon (1.) the corpuscles wli o u little 
larger ; but an in that instance the blood wa^i obtained Irom 
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the animal a day or two after death, the yariatum if within 

the limits that may occur in the same species. 

122. Black-backed Papioi or Indian Ape, (Papio mcla- 
notuSf) a male. ComnKMi diameter of corpTiscles l-S4S2nd of 
nn inch; extreme sizes l-4570th and l-Sa6(Hh. Blood firoin 
the axillary vein after death. 

123. Wanderoo Monkey, {Papio sileiius,) a iuli-grown male. 
Frequent sizes ofcorpnscles l-3600th, l-3552nd,and l-3270tli 
of an inch. Extreme diameters l-4570th and l-2666th« 
Blood from the left ventricle of the heart. 

124'. Chameck Spider Monkey, { Ateles subpcniadactj/lus,) a 
female about iwu-diirds grown, liie Ibllowing diameiuis 
mo6t frequent: l-3700th, l-3600th, and l->3429th of an inch. 
Extreme siaes l-4920th and 1*8900th« Blood from a priek 
of the ibre hand* 

125. Black Spider Monkey, (Ateles aterj) an adult mak. 
All the foUowmg tizes very common: 1-S429th, l-S528th» 
l-3555th, 1-S600di, l-369Srd and l*8792nd. Estreme dia- 
meters l-4555ch and l*S000th. Blood firom a prick of the 
fore hand. 

.126. Weeper Monkey, ^{Ccbtts apella,) a female nearly ftili- 
•rnnvn. l-3500th, l-3554th, l-34-29th, and l-3368th; mo^t 
toiiimoT! -^izes. Extrcine diameters I -4800th and l-2666th 
of an iiK li. Blood f rom a prick of the fore liand. 

Tlie measurements sliglitly smaller than atlbrded by the cor- 
puscles of C. capucinus (5.), but as the blood was procured 
from a dead specimen of the latter, the discrepancy is not 
greater than niny be often observed under similar circum- 
stances in one species. 

Squirrel Monkey, iCkiUUknx tdmrem^) a aala abool 
two-thirds grown. The following sizes all veiy frequent: 
1-S790th, l*860Srd, 1-S600th, and«-955tnd. Extreme diaF 
meteffSy l-4800th and 1-S800th. Blood from a prick of the nose. 

Hie blood of the Toqae Monkey (81.) was oWined from the 
heart of a dead specimen. The corpnsdeiy procured from a 
wound in the tail^ of a healthy full-grown male afforded the 
following measurements^ vis. dry, 1 -3764th, l-d600th, and 
1 -3552nd. In the serum many disks of the same magnitude 
were observed, besides a large qu^iiitity of smaller size, viz. 
from l-6000th, to 1 -5333rd of an intli, tlioiiiili the blood 
was carefully secured in a small j^Iass tube and examined 
within nn hour after it was taken from the animal. 

128. The Mole, (Talpa Europtea,) recently killed, smallest 
disks about 1-50001 h. the largest about l-4(>00th of an iiicb- 
Blood from the heaii. 

For this observation I am indebted to Dr. Davy. 
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129. Grisly Bear, [Ursus ferox^) a female about half- 
grown. Most comraon diameters ]-3.']IOth and l-3552nd 
of an inch. Extreme sizes l-4570tU and l-3000tb. Blood 
from a prick of tlie nose. 

130. Badger, (Meks vidgarisy) an ol<l male. All the fol- 
lowing bizts very common: i-4128th, l-4000th, l-397Jnl, 
l-3810tb» and l-3693rd. Extreme diameters ]-53SJrd and 
l<'3200th of an inch. There were berides «ome of the very 
■mall drcnlar pardcles as in the genus ScUtna. Blood from 
the mte|9iimento of the thigh* 

18i. Uommon Jackal, (Cams aureus,) an old male* The 
eorposcles, dried quickly, afforded the following messurft- 
ments: l*4000th9 1-S764th, and l-3840th most frequenU^i 
the extreme sizes being 1 -4800th and l-3200th of an inch, 
in the serum, examined within two hours after they were 
obtained, l-^SOOth was the most conunoii dinmeter, and the 
extreme sizes l-GOOOth and l-3200th. Di^ks of the last, or 
largest size, as well as of i-ii555th, were not un frequent, ge- 
nerally collectincf tOjryether quickly into rouleaux, Irani which 
it was seen tliai liie ilackness oi the adges of theac corpuscles 
was 1-1 4,000th of an inch. The sn^ller particles, though 
much more ahnndant^ did not afranffe ^icros^iyes together 
by their flat sttrfacesy and indeed could hardly be seen edge- 
wise. 

The blood was obtained freely from a puncture in a vein 
of the hind leg ; and the above facte are merely mentioned 
as exemplying the variations which may oflen be observed in 
the corpuscles only a short time after the. blood has been 
removed, with every care, from various mammals. 

J 32. African Civet Cat, (Vivcrra civetta,) adult male. 
l-46l5th, l-4a60Lh, i-4rOUOLh, and l-3552nd of an inch all 
freqiiLHtly observed. Extreme sizes l-6000th and l-u20()tli. 
The curpuacleb in this iiiatance, Llierefore, very variabie in 
magnitude. Blood from a prick of the tail. 

m another adult male^ after death, the corpuscles were 
also extremely variable in size» as the following were all com- 
mon, via. l-5d$8rd» 1^760th, l-4600tb, 1-44 12th, l-4865tb 
and l-4(XKHh; the extreme measurements being l-6000th 
and l-8S00th of an inch. Blood from thedi^rent cavities 
of the heart, from the coronary veins, and from the portal vein. 

133. Javanese Ichneumon, (Heiyestes Javanicus^) a full- 
grown male. Ail the following sizes common t 1 -4800th, 
l-4924th, I -,'51 42nd, and 1-5 120th. Extreme diameters 
1 -6000th anil J-4000tli. Blood from a wound at the end of 
the tail. 

134. Clictali ui iiuuting Lieopard, (Fdis ju^aiu,) an adult 
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female. All the following sizes common : 1 -43G.'5tli, 1 -4-268ih, 
l-*l73n1, rind l-4000th. Extreme sizes l-r>3.33rd and 
l-3555th oi an inch. Blood from a pi ick of the nose. 

135. Alexandriun Rat, (Mus AlcxandrinuSi albino, var.,) 
an adult male. l-4173rd, l-4000th, 1-S810th, and i-:i7r)4th, 
very common sizes. Small corpuscles I-48Q0ih; the large 
l-3200th. Edires of disks 1-M.,000ih of an inch thick. Blood 
from a vein of the bind leg. 

186« Coendu or Rins^tailed Porcupine, (Synetheres pre^ 
hensitiSf) a full-grown male. Common diameters l-84S8tb» 
l.S309th, and ]-S600ili. Extreme sizes l-4570th and 
1 -2460th of an inch. Blood from a cut at the end of the 
taU. 

Error in the last paper (No. S.) p. 108, 1. 28| /or HaJleri 
read Harvey. 



XX XVII. ConlribtUions to Elect ricit if and Magnetism. 
No. Ill, on Electro-magnetic Induction. iij/ Joseph 
Hbnby, LImD^ Prqf. ofNaiutalPhnoso])hif in the Cottege 
(if Vem Jerse^y PrineeUm*, 

iN'rnnnL'L 1 ION. — Sectjon I. Condi/ions -ivhich injiuencc ihc 
mduclion of a Cuncnt on itself. — Section II. Conditions 
\xihich influence the production o/' Secondary Currents. — Stc- 
TioN 111. On the Induction of Secondary Currents at a 
distance. — Section IV. On the Effects produced by i«« 
terposin^ different Substances between the Conductors*— Si^c- 
TION V. On the Production and Properties of induced 
Cttrraits of the Thirds Fourth and Fiflh Older. — Section 
VI. The Production of induced Currents of the different 
Orders front ordinary E/ectricity,'—liom on the investiga- 
tions of Professor Ettingshausen, 

1. CINCE my investigations in reference to the influence 
^ of a spiral conductor, in increasing the intensity of a 
galvanic current, were submitted to the Society, the valuable 
paper of Dr. Faraday, on the same subject, has been published, 

and nl'^o various modifications of the principle have been made 
by Siinrxcon, Masson, Page, and others, to increase the ef- 
Iccts. Ihc spiral conductor has likewise been applied by 
Cav. Antinori to produce a spark by the action of a thermo- 
electrical pile: and iVlr. W'atkins has succeeded in exhibiting 
all the phauiomena of hydro-electricity by tlie same means. 
Although the principle has been much ext^dcd by the re- 

* From the Tiaasactions of the American PhilMopbical bociutj-, vol. vi, 
baving been read Nov. 2, 1 838. 



Digitized by Google 



to EUdridiy and Magnetism* 



SOI 



searches of Dr. Fnraday, yet I am happy to state that the 
results obtaiuecl by tliis distinguished philosophtir are not at 
variance with Lho-^c given in my paper. 

2. I now olier to the Society a new series of invesLiguLions 
in the same Une, which 1 hope may also be considered of 
sufficient importance to merit a place in the Transactions. 

3. The primary object of these investigations was to dis- 
oover, if possible^ inductive actions in common electricity 
analogous to those found in galvanism. For this purpose 
a series of experiments was commenced in the spring of 
1836, but I was at that time diverted, in part, from the im- 
mediate object of my research^ by a new investigation of 
the phsenomenon known in common electricity by the name 
of the Intern! discharge. Circumstances prevented my doing 
anything further, in tne way of experiment, until April lasl, 
when most of the resulf s which I now offer to the Society were 
obtained. The investigalions are not as complete, in several 
points, as I could wish, but a> my duties will not permit me 
to resume die subject ior some months to come, I therefore 
present tliem as they are; Itnowing, from the interest excited 
by this branch of science in every part of the world, that the 
errors which may exist will soon be detected, and the truths 
be further developed* 

4« The experiments are given nearly in the order in which 
they were made; and in general they are accompanied by the 
reflections which led to the several st^ of the investigation. 
The whole series is divided, for convenience of arrangement, 
into six sections, although the subject may be considered as 
consisting, principally, of two parts; the first relating to a 
new examination of the induction of galvanic currents; and 
the second to the discovery of analogous results in the dis- 
charge of ordinary electricity*. 

5. The principal articles of apparatus used in the experi- 
ments, consist of a number of flat coils of cooper riband, which 
will be designated by the names of coil Ma 1, coil No. 2, 
ice, ; also of several coils of long wire; and these, to distin- 
guish them from the ribands, wiu be called helix No. 1, he- 
lix No. 2, &c. 

6. Coil No. I is formed of thirteen pounds of copper plate, 
one inch and a half wide and ninety-three feet long. It is 
well covered with two coatings of silk, and was generally used 
in the form represented in fig. 1, which is that of ;i f1;it «:piral 
sixteen inches in diameter. It was however sometimes iormed 

♦ The several paragraphs arc mim^cicil in succession, from the first to 
the last, after the modo adopted by hir, Faraday, for convenience of re> 
fcrcnce. 
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into a ring of larger diameter, as is shown in fig. 4| Sec- 
tion ill. 

Fig, I. 




a e 

a repr^UoulNo.l,deoilNo.%aiiil«coaNo.3| e the lNittciry» 

d the FBip. 



7. Coil No. 2. is also forinetl ot' copper plate, ol ihe same 
wicltli and thickness us coil No. 1. It is, however, only sixty 
feet long. Its torni is shown at fig. 1. The opening at 
the centre is sufficient to admit helix No. 1. Coils Nos, 3, 
4, 6, &c. are ull about sixty feet long, and of copper plate 
ol Liio 5aiue thickness, but of half the width of coil No. 1. 

8. Helix No. U consists of sixteen hundred and sixty yards 
of copper wire^ ^th of aD inch in diameter; No. 2, ol nine 
hundred and ninety yprds; and No. S> of three hundred and 



Fig. 2. 




a represents hcKx No. 1, 6 bdix No. S; e helfx No. 3. 



filiv \ ;irds, of the same wire. The^e helices are shown in 
fig. '1^ aiiti are so adjusted in size as to fit into each other; thus 
forming one long helix of three thousand ^ards: or, by using 
them separately^ and in different combinations^ seven helic^ 
of different lengths. The wire is covered with cotton thread, 
saturated with bees- wax, and between each stratum of spires 
a coatini; of silk is interposed. 
9. Helix No. 4 is shown at a, fig. 4, Section IIL; it is 
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ibrmed of five hnmlmd and forljr-iis frardi of vin^ of 

an inch in diameter^ the several spires of vhieh are insulated 
by a coating of cement Helix No. 5 consists <^ fifteen hun- 
dred yards of silvered copper wire j^^jth of an inch india* 
meter, covered witli cotton, and is of the form of No. 4. 

10. Besides iliese I was favoured witli the loan of a large 
spool of copper wire, covered with cotton, ,-*^th of an inch 
in diameter, and five miles long. It is wound on a ^aiall 
axis of iron, and forms a solid cylinder ui wire, eighteen 
inches long, and thirteen in diameter. 

11. For determining the dtmcttoo of iodooed eamnta^ a 
magnetizing ^pirid was generally used) wkkb ooofists of 
about thirty spina of copper wire, in the fonn of a ^Under, 
and so small as just to admit a sewing needle into the axis. 

1%, Also a small horseshoe is freqoantly referred tOi| whieb 
is formed of a piece of aoH iron, about thrae inches long, and 
Iths of an inch thick ; each leg is surrounded with about five 
feet of copper bell wire. This length is so small, that only 
a current of electricity of consider:ible quantity can develope 
tlic uiagneiism of the iron. Tiie iiibtruuieut is used isxt mdi- 
eating the existence oi such a current. 

13. The battery used in most oi tlic experiments is shown 
in fig. i. li ks ioi tiled oi tliree concentric c\iiu(.lers of cop- 
per, and two interposed cylinders of sine* It is about eignt 
incfaaa high, five incbaa in diamalari and aspoaef abont one 
aqnan mt and Ihrae q na rl a rs of sine snrfiiaey estimating 
botb mdes of Cba meteL In some of the experiments a larger 
battery was niadi wnaklj charged s bat all the results men- 
tioned in the paper, except tbma with a Cruickshanks troupiif 
can be obtainecl with one or two batteries of the above size, 
particularly if excited by a strong solution. The manner of 
interrupting the ctrcnit of the conductor by means of a fasp, 

is shown m the same figure. 

Section h-^Omditkm iMch if^vtnce ihe indudkn tfa Ciir- 

li. The DbMOMm of tbe i^piral coBduetor ia at praatot 
bnown by too nma of the indactmn of a onmnt on itael4 to 
distmgnish it from the induction of dia saaondary cnrtant» 
diaooTciad by Dr. Faraday* The two, however, belong to 
the aama dass, and cKperuaants render it prdwible that tha 
spark given by the long conduetor is, from the natural ele^ 
tricity of the metal, disturbed for an instant by the induction 
of tiie primary current. Before proceeding to t!ic other parts 
of these invesligalions, it is important to stale k suits of 

a number ol preliminary experiments, made to ^ktfrminc 
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more definitely the condidoDS which influence the action of 

Uie spiral conductor. 

15. When ll)e electricity is of low intensity, as in the case 
of the thcrmo-cicctrical pile, or a large single battery weakly 
excited with dilute acid, the flat riband coil No. 1, ninety- 
three feet long, is found to give the most brilliant deflagra- 
tions, and the loudest snaps from a bin lace of mercury. The 
iihocks, with this arrangement, are, however, very feeble, and 
can only be felt in the fingers or through the tongue. 

16. The induced current in a short coil, which thus pro- 
duces deflagratioa» but not shocks, may, for distinction, be 
called one of quantity. 

17. When the length of the coil is increased, the battery 
continuing the same, the deflagrating power decreases, while 
the intensity of the shock oontinimlly increases. With five 
riband coils, making an aggregate length of three hundred 
feet, and the small bnttcry, fig. 1, the deflngrntion is less than 
with coil No. 1, but the shocks are more intense. 

18. There is, however, a limit to this increase of intensity 
of the shock, and this takes place when the increased resist- 
ance or diminished conduction of the lengthened] coil begins 
to counteract the influence of the increasing lengtli of the 
current. The following experiment illustrates this Act. A 
coil of copper wire ^th of an inch in diameter, was increased 
in length by successiTe additions of about thirty- two feet at 
a time. After the first two ]^gths, or sixty-four feet, the 
brilliancy of the spark began to decline, but the shocks con- 
stantly increased in intensity, until a length of Ave hundred 
and seventy-five feet was obtained, when the shocks also be- 
gan to decline. This \v:is ihcn the proper length to produce 
tlie maximum efiect with a single baUei*y, and a wire of the 
above diameter. 

19. When the intensity of the electricity of the battery is 
increased, lite aciioii of the short riband coil decreases, ^^'ith 
a Cruickshanks trough of sixty plates, four inches square, 
scarcely any peculiar eflect can be observed, when the coil 
forms a part of the circuit. If however the length of the 
coil be increased in proportion to the intensity of the current, 
then the inductive influence becomes apparent. When the 
current, from ten plates of the above-mentioned trough, was 
passed through the wire of the large spool (10.), the induced 
shock was too severe to be taken through the body. Agnin, 
when a small trough of twenty-five one-inch plates, \vhich 
alone woidd give but a very feeble shock, was used with lulix 
No. 1, an intense shock was received from the imliiclion 
when the contact was broken. Also a slight shock ia this 
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arrongement is given when the contact is formed, but ii is 
very feeble in comparison with the other. The spark, how- 
ever, with the lon^ wire and compound battery is not as bril- 
liant as with the single battery and the short riband coil. 

20. When the shock is prothiccd from a long wire, as in 
the last experiments, the size oi tlie plates of the l)[ittei v in;iy 
be very mucli leducetl, without a corresponding reduction 
ot the intensity of tlie shock. This is shown in an experi- 
ment wiih tlie large spool of wire (10.). A very small com- 
pound battery was formed of six pieces of copper bell wire, 
abont one inch and a half long, and an equal nimiber of 
pieces of sine of the same size. When the current from this 
was passed through the five miles of the wire of the spool, 
the induced shock was given at once to twenty-six persons 
joining hands. This astonishing efifect placed the action of 
a coil in a striking point of view* 

21. With the same spool and the single battery used in the 
former experiments, no shock, or at most a very fccljle one, 
could be obtaiiKcl. A current, however, was found to pnss 
through the wliole length, by its action on the galvanometer ; 
but it was not sufiicienlly powerful to induce a current which 
could counteract the resistance of so lonfr a wire. 

22. Tlie induced cuireut ni these experiments may be con- 
sidered as one of coiisideralle intenuty^ and small qtiatUily, 

23. The form of the coil has considerable influence an the 
intensity of the action. In the experiments of Dr. Faraday, 
a long cylindrical coil of thick copper wire, inclosing a rod of 
soft iron, was used. This form produces the greatest effect 
when magnetic reaction is employed ; but in the case of sim- 
ple galvanic induction, I have found the form of the coils and 
helices represented in the figures most effectual. The several 
spires are more nearly appioxiniated, and therefore they ex- 
ert a greater niutuai niiluence. In some cases, as will be seen 
hereafter, the ring form, sliown in fig, 4^, is most eflcctual. 

24. In all cases the several spires of the coil sliould he 
well insulated; fur akhougii in magnetizing soft iron, and in 
analogous experiments, the touching of two spires is not at- 
tended with any great reduction of action, yet in the case 
of the induced current, as will be shown in the progress of 
these investigations, a single contact of two spires is some- 
times sufficient to neutrahze the whole efiect. 

25. It must he recollected that all the experiments with 
these coils and helices, unless otherwise mentioned, arc made 
without the reaction of iron temporarily magnetized ; since the 
introchiction of this would, in some cases, interfere with the 
action, and render the results more complex. 
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Section 11,'-' Condi Uovf uchich injiucnce ihe production of 

Secondary Currents, 

26. The secondary currents, as it is weii known, were dis- 
covered in the induction dI mairnetism and electricity, by Dr. 
Faraday, in 1831. liul he was at that tune urged to the ex- 
ploration of new, and apparently richer veins of science, and 
left this branch to be tmced br others* l^ce then» however, 
attention hat been almost exclusively directed to one part of 
the subject} namely, the induction from magnetism, and the 
perfection of the magneto-electrical machine. And I know of 
no attempts, except my own, to review and extend the purely 
electrical part of Dr. Faraday's admirable discovery. 

27. The energetic action of the flat coil, in procJucing the 
induction of a current on itself, led me to conclude thnt it 
would nlso be the most {iroper means lor the exhibition and 
study oftlie ph.'rnornena of the secondary galvnnic currents. 

28. For tills pinpose coil No. 1 was arrnritretl to receive 
the current from the small baiiery, and coil No. 2 placed on 
this, with a plate of t^iass interposed to ensure perfect insula- 
tion ) as often as the circuit of No. 1 was interrupted, a 

Fig. 3. 




a- 



a reprasents coil No. 1,6 hdiz No. 1, and c, d, hmidles for receiving the . 

' shock. 

powerful secondary current was induced in No. 2. The ar- 
rangement is the same as that exhibited in lig. 8, with the 
exception thnt in this tlie compound Iielix is representeil as 
receiving llie induction, instead of coil No. 2. 

29. VC^hen the ends of the second coil were rubbed to- 
gether, a spark was produced at the opening. When the 
same ends were joined by the magnetizing spiral (11. )> ll'C 
enclosed needle became strongly magnetic. Also when the 
secondary current was passed througn the wires of the iron 
horseshoe (12.), magnetism was developed; and when the 
ends of the second coil were attached to a small decomposing 
apparatus, of the kind which accompanies the magneto»eleo- 
trical machine, a stream of gas was ^iven off at each pole. 
The shock, however, from Uiis coil is very feeble^ and can 
scarcely be felt above the fingers. 



Digitized by Google 



to Electriciltj and Magnetism, 207 

80. This current b«8 therefore the proptrtiet of one of mo- 
derate intensity, but oootklerable quenthy. 

31. Coil No, I remaining as before, a longer coil, formed 
by uniting Nos. 3, 1- and 5, was snbstituied for No. 2. With 
this arrangement, the spark produced wlit n the ends were 
rfi!il?ed together, wns not as brilliant as betorc ; the mag- 
neiizing power was inucli less; decomposition was jicarly the 
same, but the shocks were more powerful, or, in other words, 
the intensity of the induced current was Ijick used by an in- 
crease of the lengtii of the coil, while the c^uaiitity was ap« 
parently decreased* 

92, A e o mpoand hdixf formed by miiting Noe» 1 end 9f 
and therefore containing two thonaand six hundred end fifty 
yards of wire^ wae next placed on coil No* U The weight 
of thta helix hq>pened to be precisely the moM ee that of coil 
Ka 2. and hence the difilerent e£fects of the fame qnantiQr of 
metal in the two forms of a long and ehort conductor, could 
be comparedi With this arrangement the megnetiaung effects, 
with the apparatus befi>re mentioned, disappeared. The 
sparks were much smaller^ and also the decomposition less, 
inan witli tlie short coil; but the sbork \\n> nlino>t too in- 
tense to 1)0 received with impunity, except tlirougli ilie fiiiLrers 
of one luuui. A circuit of fifty-six of the students of the 
senior class, received it at once troni a single rupture of the 
baittry current, as if from the discharge of a Ley den jar 
Weakly charged. The secondary current in this case was one 
of small quantity, but of gieai kuteii^ii}'. 

S8. The following experiment is important in establishing 
the foct of a limit to Sie increase of the intensity of the shockf^as 
well as the power of decomposition^ with a wire of a gtfen 
dtameter. Helix No. 5f which consists of wure only j|;^thof 
•n inch in diameter^ was placed on coil No. fl» and its length 
increased to about seven hundred yards. With this extent 
of wire, neither decompoeition nor magnetism could be ob» 
tained, but shocks were given of a peculiarly pungent nature i 
tbey did not however produce much mntcufar action. The 
i^ire of the helix was further increased to about fifteen hun- 
dred yards ; the shock was now found to be scarcely percep* 
tible in the [ino;crs. 

34. As a counterpart to the last experiment, coil No. 1 was 
formed into a ring of suflicient internal diameter (o nthiiit the 
^rent spool ui wire (11.), and with the whole Itiigili ui ihis 
(which, as has before been staled, is five liiiles) the shock was 
loniid so intense as to be felt at the shoulder, when passed 
only through the fore-finger and thumb. Sparks and de- 
composition were aleo ptodncedi and needles rendered mag- 
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isettc. The wire of this spool is i^th of an indi thick» and 
we therefore see from this experiment, that by ii»reft«ng the 
diameter of the wire, its length may also be moch inerraaedy 

with an increased effect. 

35. Tile fact (83.) that the induced current is dhiiinished 
by a further increase of the wire, after a certain Icngtii has 
been attained, is important in liie construction oi ilie mag- 
neto-electrical machine, since the same effect is produced in 
the iiiducLiou of magnetism. Dr. Gotltlard of Phihidelphia, to 
whom I am indebted for coil No. 5, loutid diat whea its wliole 
length was wound on the iron of a temporary magnet, no 
shraci cottid be obtained. The wire or the machine may 
therefore be of such a length, relative to its diameter, as Id 
produce ^locksi but no deetHnposition ; and if the lei^j^ be 
stiU further increased, the power of giving shocks may also 
become neutralized* 

d6« The inductive action of coil i, in the foregoing ex- 
periments, b precisely the same as that of a temporary mag- 
net in the case of the magneto-electrical machine. A short 
thick wire around the armature ^^ivcs brilliant deflagrations, 
but a long one produces shocks. Tills lact, I believe, was 
first discovered hy my friend Mr. Saxton, and afterwards in^ 
vesttgated by Sturgeon and Lenz. 

87. We might, at first sight, conclude, from tlie jHiiect 
similarity of these effects, that the currents wliich, accoi ding 
to the theory of Ampere, exist in the magnet, are, like liiose 
in the short coil, of great Quantity and feeble intensity ; but 
succeeding experiments will show that is not necessarily 
the case* 

58. All the experiments mven in this section have thus fiur 
been made with a battery cn a single element. This eondi* 
tion was now changed, and a Cmickshanks trough of sixty 
pairs substituted. When the current from this was passed 
through the riband coil Na 1, no indication, or a very feeble 
one, was given of a secondary current in any of the coils 
or helices, arranged as in the preceding experiments. Tl>e 
length of the coil, in tin's case, was not commensurate with 
the intensity of the current from tiie battery. But when die 
long IjeHx, No. 1, was placed instead of coil No. I, a power- 
ful iiuluctive action was produced on each of the articles, as 
betore. 

39. First, helices No. 9 and 3 were iniited into one, and 
placed within helix No. 1, which still conducted the battery 
current. With tins disposition a secondary current was pro- 
duced, which gave intense shocks bat feeble decomposition, 
and no magnetism in the soft iron horseshoe. It was there- 
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lore one of mt«tiiity» and was induced by a battery current 
also of intensity. 

40. Instead of the belix used in the last experimem for 
receiving the induction, one of the coils (No. S) was now 

placed on helix No. I, the battery remaining as before. With 
tiiis arrangement the induced current gave no shocks, but it 
mfignetized the small horseshoe; and when Uie ends of the 
coil were rubbed together, produced bright sparlcs. It liud 
therefore the properties of a current of quantity; and it was 
pioduced by the iuductiuu ui a current, Iroui the battery, oi 
intensi^. 

41 . This experiment was considered of so much importance^ 
tJiat it was varied and repeated many times, bat always with 
the same resah; it therefore establishes the fact ikai an in^ 
iemihf current can induce one qfquaniifyf and by the prece- 
ding experimentSi tlie converse has also been mownf that a 
quantity current can induce one of intensity. 

42. This fact appears to have an important bearing oti the 
i;i\v of the inductive action, and would seem to favour the 
supposition ilint the lower coil, in the two experiments with 
tlie long and short secondary conductors, exerted the same 
amount of inductive force, and that in one case this was ex- 
pended (to use the language of theory) in giving gn^m velo- 
city to a small quanti^of the fluid, and m the other in pro- 
diicing a slower motion in a larger current; bat in the tw* 
cases, were it not for the increased resistance to condactionln 
the longer wire^ the quantity moltipliedky the velocity would 
be the same* This, however, is as yet a hypothesis, but it en- 
ables us to conceive how intensity and quantity may both be 
produced from the same induction. 

43. From some of the foregoing experiments we may con- 
clude, that the cjiiantity of electricity in motion in the hehx 
is really les.^ than in the coil, of the same weight of metul; 
but this may po6sii)Iy be owing simply to the greater resist- 
ance oifered by tiiu longer wire. It would also appear, if 
the above reasoning be correct, that to produce the most 
energetic physiological efifects, only a small quantity of dec> 
tridty, moving with great velocity, is neoessaiy. 

44. In thb and the preceding section, I have attempted to 
give only thegeneral conditions which influence the galvanic 
induction, xo establish the law would require a great num- 
ber of more refined experiments, and the consideration of 
several circumstances which would affect the results, siicli as 
tile coniiuction of the wires, the constant state of the hattery, 
the method of breakinn; the circuit with periect regularity, 

Phil. Mag. S. :J. Vol. 16. No. 102. March 1840. P . 
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ami dao mm perfect means than wie now possess of 
soring the amount of the inductive acddi; all theie 
maom tmd$r tint problem wy oomplex. 

[Td be eontfnied*] 



XXXVIIL Maearchn qfMona* B* Pibia on the Cmbina- 

TC*VERY one who is at all acquainted with the ^irrantic 
•^-^ strides made in organic chemistry since the discovery of 
the real nature of the oil of bitter almonds, and the develop- 
nient ot the remarkable combiuutions of benzoyle, must have 
hailed with j)eculiar pleasure the discovery of an analogous 
series of compounds having for their base a compound radical 
termed spiroil, from its brnffpreseiit In the oil of tke Spirm 
VUMriuy or meadow-sweet ^Thls bodv was disooferad byLtl- 
wig, who ascertained the volatile oil oi the Sptrma to be leallj 
an njfdraeid, consisting of a compound radical analogous to ben- 
zoyl, combined with hydrogen. The researches of Lowig have 
been already presented to the English rrndcr in the pages of 
the valuable Scientific Memoirs of Mr. R. Taylor. We have 
now the pleasure of laying before our scientific readers an 
account of a valuable series of researches of M. Piria on n new 
compound orp^nnic base, bearing considerable resemblance 
to benzoyl and spiroil, and promising, from this very resem- 
blance, to throw much light on the nature of the respective 
combinations of these curious bases. 

The active principle of the bark ol diiieren't species of salix 
has been long known to chemists, and salicin is now an ordi- 
nary article commerce} being employed in nedlmne as a 
snbstltiita fat qnlttinei as a remedy in intar re ltlspt finrer. 

Salieine was flmt obtahied in a white cr^ staUinble stated 
by M. Leroux, and has been snbmitled to ultimate analysis 
by MM. Jules Gay-Lnetac and Fblovaa. Pfria has alao 
analysed it, and its per centage compontlon was in three «^ 
periments ibmid to be aa Ibliows:^ 

Exp. 1. Exp. 2. Exp. 8. 

Carbon......... 55*68 55-04< 55*54 

Hydrogen 6-36 6*39 6-43 

Oxygen .•«.•«.• S7'96 38*57 38*03 

100 100 100 

* Tot this account of M. Piria 's re&earclies, the Editors are obligeil to 
Or.OsUhvM. 
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Berzelius suggests the probability of the atom of saliciDe 
Gonsiating of (2 C, 2H, O). To ascertain iiiis fact by expe- 
riment, Firia dissolved salicine in warm water, added a lew 
drops of ammonia, and then (dropped in a solution of the 
tribnsic acetate of lead : a wliite ilocculent precipitate was ob- 
tained. Tiiis was collected, dried, and submitted to analysis, 
the result ol which proved the cjystallized salicine to con- 
sist of 

Perceat. 

21 atoms carbon • = 1S6 = 55*76 

U hydrogen*. 14 6*06 

11 <»—ozyga» •••••• 88 88*18 

Weight of atom 228 

The anhydrous salicine contains two 
and consists of 

21 atoms carbon sr 126 

12 hydrogen .. 18 

9 — oxygen 72 

Weight of atom 310 100 

Dobereiner lin- lung agu shown that salicine, when distilled 
with oxiiiiuiug bodies, as a mixture of sulphuric acid and 
peroxide uf manganese, yielded a larger proportion of fonmc 
acid than any other known substance. By distilling it, how- 
ever, with other oxidating agents, taking care to avoid an 
excess of acid, Piria obtained a distinct product, which con- 
sisted of an organic base combined with hydrogen, which, in 
conformity with tlic adopted nomenclature, he has named fy' 
dntnl qf salicyle: like benzoyl and spiroyl, saltcyle has not yet 
been obtained in a free state. It bears so close an analogy 
to the former, tlmt tlicy may be considered as having one 
comniun radical, as may be seen by comparing their element- 
ary composition. 

Carbon. Hydrogen. Oxygen. 

Benzoyl = 14 atoms 5 ulonib 2 atoms 
Sal icy le 14 5 4 

and thus benzoyle and salirylo may be respectively considered 
as two oxyds of an hydrocarbon, consisting of (14- C 4- 5 H). 

Dumas has, as is well known, suggested that benzoyle and 
benzoic acid mav be considered as two oxides of tljis hypolht- 
ticai ijydro-carboii or benzogene, in which case salicyle and 
salicic acid may be considered as two other members of the 
tame group, thus — 

P 2 



100 

atoms less of water, 

Per cent. 
= 60-49 
5*63 

33-88 
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RadM(MC+fiH}. Oxygen. 

1 •«•«••#•«••«••••«• 2 s: benzoyl. 

1 3 anhydrous benzoic acid. 

1 4 salicyle. 

1 5 anhjdrous salicic acid. 

This snbstanoe when pure is colourless, bat when impure is 
deep red, possessing an agreeable and aromatic odowv to a 
oertaoi extent resembling that of the oil of bitter almonds ; 
by distillation it is rendered completely ooloniless, by expo- 
aure to air it again acquires a reddish hue. Digested with 
water a small quantity is dissolved, sufficient however to cause 
the latter fluid to acquire its odour ; its taste is very pungent 
and ncrid, Kke that of most essential oils. It is without action 
on iiiinui })aper. Placed in contact with the salts of the ses- 
q«!-oxit]c ui iron it assumes a splendid violtL colour, which 
by expt)Mire to air becomes yellow. The salts ot the protox- 
ide ol iron tio nut exert any tiiaiiifest action upon it. In 
sether and alcohol it is soluble in all proportions : water pre- 
cipitates it from Its alcoholic solutions. Its specific gni- 
Tiiy at 56^ Fahr. is 1*1 7S1 : it boils at a temperature of abaut 
400^ Mixed with alkaline carbonates it slowly decomposes 
them, causing the evoludoii of their acid; upon the appUca* 
tion of heat this action becomes much more energetic. Can- 
Stic alltalies combine with it, produdng a considerable disen- 
gagement of heat. Chlorine and bromine combine with the 
base of the hydruret, producing chloride and bromide of 
salicyle, disengaging hydrochloric and hydrobromic acids; 
iodine dissolves in toe hydruret without sufleriog any obvious 
change. 

Digested in nitric acid, hydruret of salicyle is converted 
into a sub&Lince termed ui^rO'Salicide, which becomes, by 
continuing the digestion, changed into earbazatic acid« 

The hydruret of saliqrl^ may be r^ily prepared by the 
following process. Dissolve four parts of bichromate of 
potass in a sufficient quantity of water, and add three parts 
of strong sulphuric acid. Tnen dissolve some salidne in six 
parts of not water, place the solution in a retort, and raise it 
to the boiling temperature. Adapt a carefully cooled re- 
ceiver, and through the tnhulure of the retort ;tdd, by small 
(]uantities at a time, the acid solution of bichromate oi potass 
lo the hot flnid : violent action cnsncs ; the mixture turns 
urccu from the tormation of green Milphate of chromium, and 
a niUky fluid tliitil^i over. The jiroducts of this distillation 
by repose deposit salicyle in the form of oily drops. Tbeat 
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drops should be collected, and purified by being diidlled 
with chloride of calcium. It is important that no more add 

be used than is here prescribed, otherwise a quantity of formic 
acid is produced, nnd a corresponding diminn^*^ in the 
quantity of hydruret of salicyle ftnff^Mf^ 
The hjrdruret ccmaists of 

Carbon. Hydrogen. Oxygen. 

Salicyle as 14 5 4 

Hydrogen 1 

Atomic irai|^t.« 14 6 4 

Hence it appears that hydruret of nlii^le it iiomerie with 
hydmted beMdc acid ; and it is not ft litde remsHtable^ fliai 
the density of its vapour is idca t ical widi that of the hitter 
Midy as detenmiied by BmoMa^ being 4*876. It thcfefon 
eoosists by volume of 

7 Tolomes vapour of carbon 
S hydrogen 
1 — oxygen 

The hydruret of salicyle may be ootisidered as a true hy- 
dracid, with a compound base like hprdrocyauic acid ; like 
that compound it combines with metallic oxideik its hydn^n 
forming water with the oxygen of die oxyd, ano a smci£ of 
the metal results. The metallic salicides are isomeric widi 
the corresponding anhydrous benzoates of the oxides» thus 
placing M for an atom of a metal, and M + O for one of a 
metallic oxide ; a given benzoate and salicide will consist of 

Caibon. Hydrogen. Oxjgeo 
Benzoate= (14 -f 5 -j- S) + (M + O) 
Salicide sa (14 + 5 + 4)+ M 

So that the hydruret of salicyle bears the same relation to hy- 
d rated benzoic acid as oxalic add, according to the view of 
Dulong (S C| 4 0 + H) does to the ge nerally re ceived view of 
its composition at the present day, or (3 0, S'O+H O). 

Metallic Salicides. 
The salicide of potassium may be very readily prepared, 
by mixing the hydruret of salicyle with a strong soluiluii of 
pure potass. On shaking the mixture, a considerable quantity 
of snlidde of potassium separates in small yellow ciystats 
fivm the sopertMtant alkaltne fluid« These crystals must be 
collected^ freed from adhering moisCnre bv pressure between 
i6k\s of bibuJoua paper, and dissolved in alcohol ; fay crystal- 
liaition numerous well-defined square tables of the salicide 
•TO obtained. This salt is leadUy soioUe in water and aU 
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cohol. When ouite dry it undergoes no change by exposure 
to the air, but when wet it nb*;orbs oxvgen, becomes covered 
with numerous green spots, which ultimately turn black ; the 
whole mass becoming eventually a black sooty powder, which 
will be alluded to in the course of these remarks on account 
of a peculiar acid which it contains. 

A solution ol" salicide ui putasbium is precipitated yellow 
by salts of lefld^ silver, mercury, manganese, and barium. 
I&licide of ammonium is procured by mixing liquid ammonia 
with the hydruret of salicyle, in the same manner as the cor- 
responding salt of potassium. It crystallizes in yellow needles^ 
and by exposure to the air is soon deoomposed into its con- 
stituents, ammonia being copiously evolveo. 

Salicide of barium is obtained by precipitating a solution 
of salicide of potnssium by chloride of barium. It may be 
obtained in minute needles, but is very slightly soluble in 
water. It consists of 

Atoms, Theory. Exp. 

Carbon 14 = 84 40'9S 41-15 

Hydrogen... 7 7 3*34 3*41 

Oxygen 6 48 22*96 22*57 

Barium 1 68 32*77 82*87 

Atomic weight... 207 100 100 

it hence contains two atoms of water, and when dried in Li^ 

big's desiccating apparatus, it gives up this quantity, 1*287 
parts losing 0*110 parts of its weight 

Salicide of copper may be prepared by dissolving freshly 
precipitated oxide of copper in hydruret of salicyle, and eva- 
porating to dryness over a water bath ; it forms a light yellow 
powder, whicn, when heated, partly i^iiblimes in iridescent 
scales. Submitted to analysis, it was foiuid to consist of 

Atoms. Theory. Exp. 

Carbon ...... 14 = 84 55-50 55*75 

Hydrogen... 5 5 3*24 3*47 

Oxygen 4 32 20*74 20-70 

Copper...... 1 82 20-52 20-08 

Atomic weight... 153 100 100 

Salicic Acid, 

This compound may be obtained by heating hydruret of 
salicyle witli an excess of pota&s. The mixture becomes deep 
reddbli*brown, and hydrogen is evoWed. DitsolTe the re- 
sulting mass in water, and add hydrochloric acid in excess; a 
copbas deposit of salicic acid in fine needlas occurs. Thb 
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acid closely resembles the benzoic; it is scarcely soluble in 
cold water, readily soluble in hot water, as well as in alcohol 
and ccther. By heat it sublimes with prcat facility. Mixed 
wiiii ulkuline carbonates, salicic acid decomposes tliem, dri- 
ving off carbonic acid, and forming a series of salts. Digested 
with sulphuric acid, tha new add undergoes no obvious 
change until the mixture Is heated} and then the whole turns 
blade* Nitric acid does not afiect salidc add in the cold; on 
applying hea^ however, violent and tumultuous action ensues, 
dense red fumes are evolved, and a yellow solution is obtained; 
tills, by repose, deposits minute yellow bitter crystals, which 
appear to be identical with the nitro-salicide obtained by the 
action ot nitric acid on hydruret oi salicyle. 

Salicic acid contains an atom of combined water, which it 
loses wiien it combines with bases; hence the crystallized 
acid is a salicate of waicr, or (14 C, 5 H, 5 0, + HO}. 
Submitted to ultimate analysis, this consists of 

Atoms. Theory. Exp. 

Carbon 14 « 84 6132 61*10 

Hydrogen 6 6 4*S9 4*41 

Oxygen 6 48 84*89 84*48 

Atomic weight.** 188 100 100 

Salicate of silver was prepared by pracipitating a solution of 
salicate of ammonia by nitrate of sliver ; this salt is a white 
insoluble powder, and consbcs of 

Atoms. Theory. Exp. 

Carbon 14 = 84 84'70 3191 

Hydrogen 5 5 2-02 2*09 

Oxygen 5 40 16*22 16*43 

Oxydof silver 1 116 47*06 46-57 

Atomic weight... 245 100 100 

Chloride of Salicyle. 
This compound may be obtained b^ a process precisely 
similar to that used for the preparation of the chloride of 
benzoyl^ by transniittin^^ a current of dry chlorine gas through 
pure hydruret of salicyii' ; much beat is evolved, tlie chlorine 
unites with the hydrogen of the hydruret to form hydro- 
chloric acid, which is copiously given off in a gaseous state, 
whilst the salicyle itself unites wiUi more chlorine to form the 
chloride* A nearly solid crystalline mass is obtained, which 
ahoold be puriflea by solution in alcohol and subsequent 

arstalliaation. The chloride of salicyle thus obtained is in- 
uble in water and adds i but in sBthert alooholi and alkuline 
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fluids^ as well as ammonia, it readily dissolves, in the latter 
case iindergoinjfT some reinai kable changes. From its solu- 
tions in the iixcd alkalies, aciiia Liiiow it tlown unchanged. 
Submitted to ultimate analysis, chloride of salicyle h iouud 

tOGOMisfcOf 

Atoms. 

Carbon 14 =s 84 54*18 

Hydrogen. 5 5 3*16 

Oxygen ... 4 32 20'*25 

Cblorioe*.. 1 SG 22-lti 



Atomic weight... 157 100 

so that the atom oi hydrogen in tlie hydruret of salicyle be- 
comes repinced by an equivalent of chlorine) as ill the analo- 
gous compounds of beoisoyl and spiroil. 

Bromide ^ Salu^^ 

This compound is produced whenever bromine is added to 
hydruret of salicyle, heat is erolvedi and ihe whole consoli- 
dates into a crys&lline mass, which, like the chloridey may be 
purified by solution in alcohol and subsequent crystallization, 
in this substance tlie hydrogen of the hydruret is replaced by 
an eqnivalent of bromine the whole consisting of 

Atoms. 

Carbon... 14 = 84 42 62 

Hydrogen. 5 5 2-4-8 

Oxygen... 4 St 15-94. 

Bromine.. 1 78 38-96 



Atomic weicht. . . 199 100 



ConUnnatians of Saluyle vitk Amidogene* 

When a current of gaseous ammonia is passed over chloride 
of benzoyl, it has been shown bv Woehler and Liebig to suffer 
decomposition ; a mixture of chloride of ammonium and ben- 

yaniide being prochiced, the latter compound being a combi- 
nation ot benzoyl with amidogene (N + 2 H), analogous to 

oxaniidc. 

Wiien ii current of dry ammonia is passed over chloritle of 
salicyle it becomes absorbed, and a yellow pasty nms results, 
which must be frequently broken up and agtitn exposed to 
the gas to effect its entire decomposition. No bydrochlorate 
of ammonia is formed, the ammonia removing oxygen from 
the compound without abstracting any chlorine, and forming 
water, which condenses in the tube in which the experiment 
b perfonned. The resulting oompoond is Ckionmmide; it 
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is a yellow crystalline body, soluble in alcohol and other^ 
nearly ingoliible in water; the addition of weak alkalies canses 
the disengagement of ammonia ; by heating it in nn nc'nl fluid 
it is decomposed, n snlt of ammonia being ffn ni^jci, and chlo- 
ride of salicyie being set free. Chlorosamitk consists of 

Atams. 

Carbon . , , 

Hydrogen. 

Oxygen . . . 

Nitrogen • • 

Oilonne • • 



14 


s S4t 


56*52 


5 


5 


3*30 


2 


16 


10-57 


4 

y 


18*4 


6*85 


1 


86 





Afeomfc weight . . 159*4 100 

When gaseous ammonia is made to act on bromide of ben- 
zoyl, a compound ei^eddmioiiiiflitd^ results | its composition 
is identical witii cbkurossniide^ witli tbe snbstitntion of the 
chlorine by its eqoivalent of bromine. 

Action of the air on Salicide of Potassium. 

When saliciJo of poussium in a perlecUy thy state is ex- 
posed to the air^ or to an atmosphere of oxygen gas, it under* 
floes^ as has been already observed, no obvious change ; but 
It this salt be previously moistened, it, by a sanilar exposure^ 
alters in colour, its surftoe becomes covered with green 
qiecks, and it darkens in hue uutU the whole mass becomes 
completely black. If the moist saliddeof potassium be placed 
in a receiver of oxygen gas inverted over mercury, the latter 
will be observed to rise rapidly in the glass, from the absorp* 
tion of its gaseous contents. When the black, changed, salt 
is digested in water, a certain portion dissolves, and a soot- 
like powder is left ; this should be collected, washed, and 
dried. This black compoiuid dissolves readily in alcohol and 
riither, but is insoluble in water; it dissolves m alkaline solu- 
tions, loi iiiing saline compounds, from which the black pow- 
der IS ihruwii down unchanged by acids. This substance 
appears to possess pro^yerties of a decidedly electro-negative 
cnarsetert and fton this cireumstance^ as wdl as firom its co- 
lonriit has been termed sM{aiticae»i/,aname unhappily chosen, 
as it has already been applied to an ingredient in certain mor- 
bid animal secrstioas* 

Mdanic add decomposes alkaline carbonates, forming saline 
comlnnations, attended with the evolution of carbonic acid 
gas. When heated this acid bums slowly, but without flame, 
and leaves no fixed residue. 

Melannte of silver was prepared by precipitating a solution 
of nelauata of ammoiua by aitrate ^ silver i the preci p it at e 
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wns dried and sobmitted to ultimate analysiii and was found 
to consist of 

At Ills. Theory. Exp, 

Caiuoa iO =s 60*0 27-63 27*67 

Hydrogen.... * 1-9 1'71 1"95 

Oxygen 5 40 18-16 18*82 

OxydofsiWer 1 116 52*48 51*56 

Atomic weight • • • ^ 220 1 00 1 00 

hence the acid itself consists of 

Atoms. 

Carbon ... 10 s 60 58*16 

Hydrogen. 4 4 3*80 

Oxygen... 5 40 98*04 

Atomic weight 104 100 

The aqueous solution obtained by washing the decomposed 
salicide of potassium, during the separatioa of melanic add* 
was submitted to examination, and after evaporating^ it to a 
small bulky mixing it with sulphnrtc acid, and submitting it 
to dbtiUation, acetic acid was obtained, whilst sulphate of 
potass was left in the retort* 

From these experiments, it appears, that salicide of potas- 
sium, when moistened and exposed to the air, or to nii atmo- 
splK re ot oxygen gas, is resolved into melanic acid and acetate 
of potass ; and for every atom of salicide ol potassium decom- 
posed, an equivalent of acetate ot* potassa is produced. For 
this decompu^ilion to be understood, we must admit that 
three atoms ol oxygen and the eleiiiciits of two atoms of 
water, are appropriated by each equivalent of the salidde of 
potassium, Oius 

Carb. Hyd. Oxy. Pdtatdoui. 
Melanic acid m 10 + 4' + 5+ 0 

Acetic acid = 4 + 8-^8 + 0 



14+7 + 8+0 
2 atoms water « 2 + 2 + 0 



Minus 



14 + 5+6 + 0 
3 atoms oxygen e 8 + 0 



14 + 5 + S + 0 
1 atom potassa a I + I 

1 atom of salicide potassium » 14 + 5 + 4 + 1 
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Deemn^ponHan SaUcin inf Stdpkunc Acid» 

When salicin is immersed in strong sulphttric acid tt as- 
sumes a blood-red tint ; but when digested at a boiling tem- 
perature in the acid previously moderately diluted witli water, 
the salicin dissolves, formliig a colourless solution. If a so- 
lution thus prepared, be poured into cold water, a white pre- 
ci[)itale lulls dou n of a resinoid cfmracter. This substance 
is turned red by sulpiiuric acid; like the unchanged salicin, 
it readily dissolves in alkaline fluids. Submitted to ultimate 
analysis, this new substance, which from it:> retinoid characters 
is termed saliretiti^ was found to consist of 

Carbon .... 72*96 
Hydrogen . . 5*83 
Oxygen. . .. 21*21 

100 

iSo gas is disengajsed durmg the formation of salireiin \ in- 
deed the Mtion of the sulphuric acid appears to be purely 
catalytic, as in the cases of sethenfication, and the formation 
of starch-engar* On examining the acid fluid ftom which 
lalireltn has oeen precipitated, it was found to contain ^rape- 
sugar; so that under the influence of the catalytic action of 
tnJphuric acid, salicin is reaolYed into saliretin and grape- 
sugar, from the re-arrnngement of its elements; affording 
another example of the resolution of organic products into 
new arrangetuenUy under the influence oi ccUaiysUf or action 
of prciience. 

Action of Chlorine on Salicin* 

When a current of gaseous chlorine is transmitted through 

a quantity of salicin oiffused in water, solution ensues, and 
a yellow fluid is formed ; and if a sufficient quandty of salicin 

be present, a yellow crystalline mass is deposited. 

These crystals are but slightly soluble in water or alkaline 
fluids ; they possess a very disagreeable odour and pungent 
ta^te \ submilied to analysis, they were found to consist ot 



Atoms. 






Carbon .... 21 as 


126 


42*94 


Hydrogen.. 12 


12 


4-00 


Chlorine • • • 2 


72 


23*65 


Oxygen.* •* 11 


88 


29*41 


Atomic weight . • . 


298 


100 



•o tbaty bj this process, salicin loses two atoms of hydrogen^ 

and sains two atoms of chlorine ; a fact <juite conformant with 
the cbDctrine of subttittttian. If the fluid through which the 



Digitized by Google 



220 Letter from Mr. Potter to Mr. R. Tftjlor. 

chlorine is passed be kept at a boiling lieat, no crystals are 
formed, but a reddish oily fluid is produced; tbisy whenaiia* 
lysed* was iouiid to consist of 

Atoms. 

Carbon .... 21 =: 126 3861 

Hydrogen . . 8i 8'5 2*55 

Chlorine ... d| 126 37*22 

Oxygen..,. 9 88 21*62 



3i8*5 100 
In this case, the anfydrous salicme loees 3^ atoms of hydro. 
gen» and gains an eouivalent proportion of chlorine. This 
new oomponnd is soluble in alcohol and alkaline oolntions. 

G-B. 



XXXIX. Letter to Richard Taylor, Esq., as Editor ^ ike 
Philosophical Magazine and Journal, Bu R. Potter^ Etq.^ 
B.A., F.aPJS. 

Dear Sib» 

'T^HE partyoa have taken in the controversy between Pro* 
fessor Forbes and myself has a good deal surprised me> 
That you should deprecate personal imputations " in con- 
troversial papers, is what every reader of your period irnl must 
heartily approve. However searching a review of Professor 
Forbes's "memorandum" was required for the defence of 
my own investigations, I congratulate myself on having 
avoided personalities or any imputation of unworthy motives. 
It is a jihilosophical and legitioiaie line uf defiance to inquire 
whether your opponent is a competent judge of the matter 
in controversy, from the consideration he has given to the 
subject, and whether he is to be considered in the light of an 
impartial and unbiassed inquirer, or othmrise whether he has 
imbibed theoretical views so deeply ns to place him only in 
the situation of a partisan of the particular theory adopted by 
him. This course I have always endeavoured to pursue, and 
would clieerfully concede to an opponent. I think, liowever, 
that I have just reason to complain of the adnnssion of such 
terms as "gratuitously misinterpreted," and "take a pleasure 
in misinterpretini^ my expressions," admitted in the verycom- 
municalioii lo wiiichyour uuLe was appended. 

In respect to the unsupported quotation from your nn** 
named correspondent's letter, which you have adopted, I have 
only to express my surprise that you did not suspect more 
diana filial solicitude for the Society's honour on hi^ part. 
My notice of the proceedings of the Society to which I have 
the honour to bdtmfy and amongst the leadiqg members of 



Digitized by Google 



Mr, J. O. Uaiiiwell's Noie onthe Boetian Contractions, 221 

ivliich I fam the honour to namber so imuijr mntific fiienda^ 
covld irtseftmii no other motive than a desire that Ns eolhor- 
ity and pfe-eminent position in the scientific 'World might 
he pemanent and utullminisbed, by allowing no analytical 
eaiaja nbrtmg to physical problems to be ushmd ibrth under 
its auspices, until, in all practicable eases,their accordance with 
the involved ])hyslca1 tacts was ascertained. The notice of 
one such es^ay in my former paper was suflicient to show that 
such liad not always been the case. Your correspondent 
pruflLiitly preterred leaning on liis influence with you, to 
chnlieiigiug me to the ])roof of my assci iion. 

I have also to ask at voiir iiaiuls an <jx|)lanation of the 
editorial censuic coiilaiiicd in ^oui- iiole. 1 iully bow lo your 
daim of right to moderate any expressions in communications 
whidi may be aenl to you for pubtioMion. TheadnnlegecC 
a refiew ojran impartial editor is great to aU parties in a ooq- 
troversy, who in tndr excitement and sensibility naturally see 
a poignancy in the expressions of their opponents which they 
do not suspect in their own. On the other hand, I maintain 
that it is an unheard of proceeding in an editor who has pub» 
lished a paper without remark or private notice to the author^ 
to pronounce a censure such as is contained in your note; and 
I claim from you this admission, which I think you will allow 
to be due under the circum^ttinces. 

I remain, dear Sir, yours truly. 

Queen's College* Febniiiy 4, 1840* Hichard i'urrEB. 

Itt liiMrliiig Mr. Ft lelttr, we km oi4y to itirte that the Bditor^s nols 
wsis written in con^uence €>f the remonstrance of the Member of the Cam- 
bridge Phil. Soc, and before the receipt of Prof Forben*8 letter, with 
which it had no connection; and was indeed iiuciidud to have occupied « 
diftiact place In the Niimbcar. 
WecaaaunK Mr. Potter thsrt bb carmke resfiecting influence wkh at 
nnfotinfffv! ; ami willingly express ovs reprct, thut from having over- 
looked soiuc portions of hk commuuicaiiou, thej should have become the 
subjects of public iofteaii of private di8eoMionir--R. T. 



XL. Additional Note on tke Authenticity of the diymted 
passage in the treatise Soetius de Geometria on Nume* 
rical Contractions, By J» 0« HALLtWBLLy Esq^ F.B»S.f 
J?JS»Af P»R*At&f ^c* 

I TRANSLATE the following extract from a letter wliich 
I have reoently raoavad itSsn M* Chaiteiy beeauaB tfaa 
Yiew which he takea of this qucstbii is and his support* 
h% ai|;nments forcible in a passage found in aonoe MSS» 
at the end of the eecood book of 6oetius, the expression mensa 
gei mwii ' uMa oeoois; and this^caicuUis is pcntioiiad as ha. 
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ving been mn^kxytd chiefly by the geometers. This cKpkint 
why Boedus introduced that passage into his treatise on geo- 
metry : HTul in his treatise on arithmetic, which treats on the 
properties ot mi in hers, no mention of it is made. This latter 
work is indeed only a new Twrsioii of tlie treiitieo by Nicooui" 
diiis oil the same subject." 

1 iiis ougiit to be couipaitJ wiih what has beeu stated in 
the number of this Magazine for December, and it will be 
seen thai it is quite destrucLivt; ol M. Libii i» principal argu- 
mcDt I may add, in corroboration of the opbion of M. 
diastesy ihat Abdsrd*« tnct in tiw L^dm Ubvuy it tndtlMl 
4m Deeffina Abaci iw^ radU Geomcinas the maiMMcript ittelf 
it tfaut dcHvibfld in the printitci citfaIogue»^** Adobrailt) qui 
ttttim in principio dicitur pkiloM^borum aiMcIa ultlmoti de 
doetrina abaci, vel radu geometnoip lit ipse scribit quoque 
vocari. In fine legitur, Mtgnlarum aim nMlis ariikmdki 
trectaius e^idifilkHmr" 

And now a word with M. Libri. When he says, "Si 
1* opinion dcM. Halliwell avait etc aussiexplicitc que )c pcnse 
le savant geometre de Chartres, ilsemble qn*on n'aurait \m> du 
employer plusienrs pages pour tocher tie le })i ouver," he liad 
forgotten that the plfisieurs pages were the produce ol Ids own 
pertinacity. When I had expliciily slated that the Bodleian 
manuscripts indicated a knowledge ui die value of local 
position, and that one of them actually made use of the sipos^ 
surely no one ooald reasonably accuse mt of witbbolding 
my astentfrom the explanation given by M* Chasles. Much 
less, in that cate^ coald there have beoi a necessity lor ocon- 
pylng the attention of two meeUngv of the Institute on a mere 
question of opinion. 



XLL On a Pseudomurphous variety of Iodide of Potassium 
Bi/ Robert Kane, M»D,i MJl.I.A. 

T\URING the crystallization of n larc^'e qnnntity of iodide 
of potassium, in the manufactmiriL^ laboratory ot Apo- 
thecaries' Hall, I observed a large group of long prisms to 
be formed, of great lustre and renrularily. These prisms were 
in mnny cases terminated by iour-sidcd |)yramid?, formed by 
the joining of four rhomboidal planes, by which the solid 
angles of the prism were n placed and 1 succeeded in ob- 
taining a series of specimens, in some of which the pritm wae 
simple and terminated by a single plane perpendicular to its 
axis $ in others the solid angles were rej^lacea by very minute 
triangular planes, rendering the terminal pluie octagonal, 
and nnaUj, as the triangular planes increased in size, square^ 
tiie diagonalt of die square MngpaniUallolhetidct of (hi 
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origioal surface, and hence the gradual conversion of the 

replacing triangles into rhombs, wljich eflTncing the tenxiiiial 
plane formed the pyramidal summit already noticed. 

The prisms are straight, with square bases. The re])lacing 
triangular or rhomboidal planes form with the lateral edges, 
to which it is inclined, an angle of 150^, and witii the terminal 
plane an angle of 120° : its angles with the vertical and 
norisiAital axes of the crystal being therefore 60^ and 
giving the ratio of the exes therefore as 1 : 1*78* The angle 
fonnea bv two adjacent rhomboidal planes of the pyramid 
waa found to be 105S and that of the summit formed by two 
opposite rhomboidal planes was 60°. The angle acrow the 
summit, measured on the edges of the rhomboidal planes, was 
80^, and that of a rhomboidal plane, on the adjacent side, 
was 140^. The angles of the rhomboidal plaue were 60^ 
and 120^ 

In these measurements 1 could not obtain greater accuracy 
than withii^ a degree, from the circumstance that the repla- 
cing suriace^ were not, in i eality, planes, but portions of sphe- 
rical or at least curved surfaces of great radius, so that the 
adjacent edge hod different inclinations to different portions 
of the rhombic surface* In addition to this peculiarity, 
other marks of a complex or macled structure wei e very 
evident. The smaller crystals, although equally well marked 
as to form and replacements with the larger, differed from 
them in being wholly clean and transparent The larger ones, 
on the contrary, consisted of three distinct portions, the ex- 
ternal beiufT a hollow shell of perfectly transparent material, 
tht next beii)g a core of opake white substance, apparently 
porous and granular, as if formed of a congeries ot" minute 
crystals independent of the case in which they were con- 
tained, whilst in the centre there was to be seen a delicate 
but well-defined transparent rectangular cross, the arms of 
which generally penetrated quite through the opake sub- 
stance and united with the external transparent shell. 

A section of such a crystal had hi fact the 
appearance represented in the little sketch, the 
white opake portion being shown shaded. 

Tliese crystals possessed single refraction. 
They had no action on polarized Ught transmitted 
along their axis; and hence, although with a pyramid be- 
longing to the stjviai e prismatic system, they belonged really 
to the rej/ular sv^tcm, by a congeries of minute crystals (pro- 
bably cubcb; oi which they must be formed. In solubility 
the^ were the same as the common iodide of potassium, with 
which their composition likewise identified them. From their 




Digitized by Google 



I 



884 Eegfol IrUk Jeadem^. 

having roi nied on the top of a large cross ol common crystals, 
tliey must iiavu been generated under circumstances either on a 
lower temperature or a less concentrated solution than that 
by which the commuu vuneLy is produced. li ilie new- 
fbrmeil tstyttah be dissoivod in water, it is under the ordinary 
form tlMi the^ recrystalUbWt 

When Iodide of potasnum is ciystallued in landoi or ttuned 
iron yesselsy Mr« Soanlan has informed me that the ciysfiillli^ 
form is altered, from the presence of a minute qnanlltv of 
iodide of tin or lead; but what the alteration is exactly, I do 
not believe has been determined. Having heard the fact, 
however, from my friend Mr. Scanlan, I sought for metallic 
impurity in the crystals now descrilMd, but ia vain. Tiiey ace 
chemically pure. 



XLII. Proceedings of Learned Societies. 

BOYAL IBISH ACADSMY* 

Nov. 1 1 , Tl £V. Dr. Diddnscm gave a verbal account of a remaik« 
1 83D . \mtQiqKMit» whicb he had observed at KiUioey 

during the last .summer. 

Towards the cud of the month of July, about 10 a. m., while 
standuig on the shore of l^e bay of Killiney, his attention was di- 
rected hf a fikod to a waterapont, dtBlml about a qnaitor of a mile 
from the land. It was not similar in form to the representations of 
■waterspouts usually given, and may therefore deserve to be noticed. 
It was shaped like a double siphon, the whole being suspended nt 
a considerable elevation in tlie air ; the lonjj;cr end of the siphon 
reached towards tlic scu, uud appeared to approach it nearer and 
water, till, at length, iti mtteni we diHaneUy aeeii nuhlng iola 
the deep* The lo^ gradually lowered, aa if aiaking and Icn^theib- 
iag by its own weight, while the upper part of the siphon leemed 
not to lope in elevation. At length the loo]) Inirst, and there were 
, three >>trcam^ of water pouring into the sea, two of those streams 
still eoutiuuing united by t;he urch at the top. llie breadth of these 
streams gradimlly dhminiihed tiU they became invisible, but their 
leiigdi aeemed vndimhuahed as long aa they were at all seen. The 
quantity of water p(.)ured down must have been verj- eonsideraldea 
a? the bubbling of the sea beneath could be distinctly observed. 

Dr. Dickinson was informed thnt a waterspout fell a few days 
after inhmd, towards the Three- Uuck iuountaiu. It is said to have 
done &ome injury ; but informant did not i>ee it, and he could 
not, therefore, ascertain its shape. 

Noivember 80» ISHO. Mr. Clarke read a paper " On Atnospberie 
Eleetricity." 

The author commeneed hi;? paper with n <lt'<r-ription of the appa- 
ratus which he had etnjjloyed in the cxpeiuiiental investigation of 
this subject. He showed the inapplicability of tlie eleetromcters 
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bitherto employed, aad exhibited a highly insnlated galvHnometer, 

contaiaiog about three thousand turns of very fine wire covered 
with silk, varnbhed and baked, — which instrument, although ex- 
quisitely seniitive to the feeblest voltaic electricity, was not at all 
acted upon by atmospheric electricity of the low tension which ex- 
ists during serene weather in this couutry. Mr. Clarke added, that 
although the application of nidb an instnunent would be a great 
deaideratum in experimenta on atmoapberie electricity, and in this 
point of view had been recommended by the highest scientific author- 
ities in Euri>pe, yet he had reason to think that it had never, in 
any country, been dellected by atmospheric electricity in serene 
weather. 

The author then exhibited the electrometer which he had devised 
for» aod ufed in his experiments on tiiis subject. It consisted of a 

bdl of glass, seven inches in diameter, through tbe side of which 
passed a sliding graduated rod, furnished with a vernier, which indi- 
cated the distance, in hundredths of an inch, through which a single 
pendent slip of leaf gold was attracted towards the rod which was 
in connexion with the eartli. The slip of leaf gold was attached to 
a vertical and well-insdated rod, which passed through a coUar of 
leathera, and could therefore be raised or depressed, as required by 
the varying intensity, so that the lower end of the leaf should al- 
ways, when electrified, be a tangent to the ball terminating the 
graduated rod. 

The author then alluded to the received opinion, that the Aurora 
Borealis is au electric discharge of considerable intensity occurring 
near the polar regions, at great heights in the atmosphere, where 
the air is necessarily rare, and where, consequently, the electrio 
light (as shown in our artificial imitation of the phscnomenon) must 
be very much diffused and ramitied. Hoping to thrcnr light upon 
this subject, he had made a series of observations on the electric 
intensity of the twenty-four hours, commencing at mid-day on the 
12th of Nov, 1838, and continued at intervals of fifteen minutes,— 
except during the appearance of the Aurora, when they were made 
every five minutes, and even oftener. The results of these observa- 
tions were laid down in a chart, which exhibited the intensity of the 
electric fluid during these twenty-four hours, a ]ieriod including that 
of the magnificent crimson Aurora, which was observed on the night 
of the 12th, and morning of the 13th of November, 1838, over every 
portion of the globe. It appeared, by this chart, that the electric 
intensity during the existence of this magnificent display of Auroral 
light was but little above the mean electric iiiten^'ity of that hour 
durin[^ the month ; from ■which the author inferred that this phac- 
nomenon, if at all electric, occurred at such a distance as to be un* 
able to affect the ai)j)anitus. 

The author then proceeded to give an account of the extended 
series of experiments which he had undertaken at the recommenda- 
tion of the Academy, and which he had continued during twelve 
months, at intervals of fifteen minutes, during at least ten days, and 

PhU. Mag, % VoL 16. No. 102. March imi, Q 
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from three to seven nights in each month. Ho stated, that wh«a 
he had undertaken this series of expLriments. lie luid the following 
ol^cts in view — namely, to determiue the meaii amount of eltctric 
intaniLtj emiiiig in tint country, at the difccnl bourt ol day and 
night, and tlio penoda of maxunn and nininia ; and. aeoondly, to 
cndeaTcmr to trace the cause of this varying immensity to the iniltt* 
ence of ?onicof the recognised agents in nature, — snch n? the varia- 
tions of atmoj^]iluric jsrosoure; the variations of temperature; or 
the van'injE^ quaaULy ui vapour in t.)ui iitim isphere. 

He was happy to announce. llLaL lie had not only determined the 
mean monthly and annnal force of dedridty at the several hoiua 
of the day and night»1rat also had aucceeded in establishing its de- 
pendence upon two, out of the three agents, with which he had 
orierinnlly ])roposc'd to investigate its connexion. The two with 
which iie has established its connexion and proved its dependence 
are, temperature, and the total quantiiy of moisture present in the 
air, aa d)own by the dew«point. Indeed these two phenomena, aa 
tl» anthor roDuked, aie relnfible to each other, die temperatuze 
produdng evaporation, and the force of electricity at any period 
being show n to be ahaoat esaody p ro p articmal to the traaion of the 
vapour 80 produced. 

The hour of the first ( lictric uuuimum was f^hown to he about 
3 A.M., the electricity increasing with the temperature until 10 
A.M., when a alight decrease oecuired: the electric tenaioii again 
oommenoeB tiring at abont 11 am*, and oantinnea to inereaae until 
about 2*^ 45*", P.M. — all these movements being in exact proportion 
to the elevation of the dew-point and temperature. At 3 p. m. the 
dew-point and temperature begin gradunlly to lower, as does alnj 
the electricity (but not so quickly); but from 5 to 7 p. m., the elec- 
txic intensity rises, being acted upon and increased by the precipi- 
tation of the evening c^, wfaieh has set free tibe latent eleotiiciCy 
of the condensed vapour, in conformity with the experiment of 
Volta. Again, from 7 p. m., the electric intensity weakens rapidly, 
and descends in common with the dew -point and temperature* until 
they all reach their minimum about 3 a. m. 

Thus the patient investigation of this subject ha^i laid bare the 
cause d the varying diurnal intensity of Uieelectiw fluid* — showing 
it to be the result ol evaporation, iribioh. besides its agency in carry- 
ing Uie electric fluid from our earth to the upper regimis of the air, 
daily retTirns it to us by the conducting power of tlus vapour.in the 
direct proportion of its quantity. 

Sr. Apjohn read a note bj George J. Knox, Esq., " On the Oil* 
dating Fiiwer of Glass for Metak, end on the uraat of IVanspareucy 
in ancient Glass." 

"In a late work, which treats of the raanufacture of glls^', an 
experiment of (hiyton Morveau is mentioned, in which six per cent, 
of copper hlings hnvinj? heex\ mixed with pounded glass, and the 
compound completely mtlud, it was found to have assumed a red 
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cdour miifonnly diffused throughout the mass, so deep as to render 
the glass nearly opake. The experiment originated from a work- 
man in the glaisshousc having dipped a heated copper ladle into a 
pot of fused glaffji. The copper ladle was melted ; the casting and 
aimealmg of the plates were proceeded with m usual ; and on their 
ooinpletioii the wotkmeii were lurprised to find, Hiat not onlj were 
grains of metallic copper imbedded in the substance of the glass, 
but bands uniformly coloured of a fine blight red, were distributed 
throughout the mass. 

** The experiment of Guyton Mon eau, hein^ but a repetition of 
the accidental one made by tlic workman, seems to have but Uttle 
engaged bia attention, the colour being couceiTed to be due to an 
m^nfe^ state of oxidation, as oxide of oopper imparts to glass a 
greenish colour. 

" It appeared to me, at first sight, that the red colour was due to 
the actual solution of the copper in the metallic state, the t^lohules 
of copper imbedded in the ma^a havinc^ been deposited from a state 
of isolation, upon cooling. 1 u determine this, 1 mixed in diti'ereut 
proportions witii powdered glass, iron, lead, copper, silver, Usmtttfa, 
antimony, tin, gold, platinum, in a minute state of division ; and 
found that glass, when mixed with iron filings, will oxidate and dis- 
solve almost as much iron, when mixed with it in the metallic state, 
as if it were mixed with it in the state of oxide. Of copper, only 
a small proportion is oxidated and dissolved, imparting a green 
colour to the glass, while the rest remains disseminated throughout 
the glass in globules of copper and red streaks, which are probably 
the protoxide ; whereas lead (for whose oxide glass has such a strong 
affinity) oxidates but a small portion, when mixed with it in the me- 
tallic state, the rest bein*^ found imbedded in i^lobules throuc^hout 
its mass. Tin, antimony, and bismuth, are more easily oxidized and 
dissolved than lead. Gold, when fused with glass, imparts to it a 
light greenish tinge, increasing in depth with the relative proportion 
or siUea in the glass, — ^prodncing a deeper oolour with the bisiEcate 
than the silicate <^ potash, and still deeper when German glass 
(which contains a larg^c proportion of silica) is emjiloycd ; gloljules 
of gold are found fn« in the analon:ous cases of lead and copper) 
disseminated throughout the mass. If the heat be increased, and 
the crucible cuuluiuiag the gold be left fur some hours in the fur- 
nace, the glass assumes a piiudsh hue, which is the colour imparted 
to it by the protoxide of gold. When platinum sponge is fused 
with glass, it sinks to the bottom of the crucible unaltered, owing 
to its infusihility. When charcoal is heated with glass, a lar^ 
proportion is oxidated, the remainder presenting the appearance of 
a mechanical mixture. 

" From these experiments it appears, that glass, at high tempera- 
tures, not only has the ^ i perty of oxidating the metals, end lorm- 
iiiL^ ;i chemical compound with the oxide, but moreover, when the 
chemical affinity is satisfied, of dissolving the oxides, and probably 
the metals themselves when in a state of fusion ; tiie latter, on the 
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cooling of the glass, being depowted is globules throughout ita 
interstices, (at Icnst the appearance presented by the glass seeais to 

favour such nn opinion.) 

"The colours produced by the fu5»ion of metals with G'la«^^^, being 
different in many coj^ca from those obtained when their oxides were 
employed, and presenting the dull nntrainparait appeaianee whieh 
is so xemaikablo maiieleiit^afls,led]Be to suppose that tiieancieDtB 
did not employ any colouring matter unknown at the present day, 
but that, being unacquainted with the minernl acids, thev employed 
the metals either in the metallic state, in tilinp;?, or cl^-c in an im- 
perfect state of oxidation. To determine the probabiiity of this 
ooojecture, I selected three specimens of mosaic glass, analysed by 
Kkprofh ; and substitating for the oxides, in the same vdative pio* 
portion, the metals in a minute stete of division, I obtained coloured 
glasses of nearly the same colour as the mosaics, while the colours 
produced when the oxides were employed were not only perfectly 
different, but the glasses were clear and transparent. 

*• One of a lively copper red, opake and very bright, contained, 
in 200 grains, silica 142, oxide lead 28, copper 15, iron 2, afaimina 
6« lime S» 

" Another, of a light verdigris gr^m, contained, in 200 grains, 

silica l.'iO, oxide copper 20, lead 15, iron 7, lime 1 3, alumina 1 1. 

" A f^j^ecimen of blue glass contained, in 200 grains, silica 16S, 
oxicie iron 19, oxide copper 1, alumina 3, lime 4." 

December 9. 1839.— ^Mr Clarke read a supplement to his paper 

** on Atmospheric Electricity." 

Tlie nutlior gave in this supplement a mure detuikd description 
than he had before dune of the mode uf insulating the apparatus 
for experiments on atmospheric electricity, which he had used in 
the course of his recent researches. 

He then described an experiment by which he had shown the 
absence of decomposing agency in the electricity of seroie weather, 
and stated his opinion of the causae. 

Mr. Clarke next directed attention to the fact, that the cur^'e 
representing the diurnal Tariation ol the barometric cdumn was 
the reverse of the electric, thermometric, and hygrometric curves. 
He considered that such a result was to be expected ; for the baro- 
metric column should naturally he lower from midday to 3 p. m. 
than at midnight, in consequence of the greater quantity of aqueous 
vapour which exists in the atmosphere at the former than ut the 
latter time, — air charged with aqueous vapour being known to be 
of less specific gravity than dry air. llius the barometric and 
hygromeliic curves would be the inverse of each other, the maxima 
of the one corresponding to the minima of the other ; and as the 
author had previously shown that the hygrometric, thermometric, 
and electrometric curves were in accordance, tlie barometric curve 
would be tlic inverse of the tliermometric and electrometric curves 
also, llie author remarked, that if this character of the horary 
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oseiUatao&B of the barometer in Irelaod b« oonirmed \if the expori> 
ments of other obaerrem, it will either lead to new views of this 
phsenomenon generally, or diow that the quantity of aqueous Ta- 
pour existing m Ireland is so great as to cause the horary barome- 
tric oscillations to present themselves in a different form from that 
in which they are recc^ised in drier climates. 

The author adverted, in the last place, to the hypothesb of 
Briestley and Beeearia, — ^that the upper regions of our atmosphere 
were the chief depositorios of the electric fluid, — an opinion which 
hp conceived must fall, if the origin of atmospheric electricity be 
due (as his experiments prove) to the existence of vapour ; as these 
elevated parts of our atmosphere are far above the region of per- 
manent vapour, or even of vapour at all. 

Professor MacCuUagh read a paper " on the Dynamical Theory 
of crystalline ReAezim and Refraction." 

Tn a former paper, presented to the Academy in Januan,', 1837, 
and printed in volume xviii. of the Transactions, the author had 
reduced all the complicated phaenomena of reflexion and refmc- 
tion at the sorfeces of crystals to the utmost regularity and order, 
by means of a simple rule, comprised in his theorem of the polar 
j^tme. This rule, which was verified by its agreement with exact 
experiments, he had deduced from a set of hypotheses relative to the 
vibrations of light in their passage through a given medium, and 
out of one medium into another ; but he had not attempted to ac- 
count for his hypotheses, nor to connect them together by any 
known principles of mechanics ; and the only evidence in favonr of 
their truth, was the troth of the results to which they led. He 
had observed, l)o\vevf r, that these hypotheses were not independent 
of each other; he had asccrtninrd thnt the hiws of reflexion at the 
surface of a crystal were countctcd with tlie laws of propagation in 
its interior ; and he had thence been led to conclude that all these 
laws and hypotheses " had a common source in other and more inti- 
mate laws not yet discovered," He became impressed, in 8hort» 
with the idea, that the next step in phy<^ical optics would lead to 
those higher and more elementary principles by which the laws 
of reflexi on and the laws of propagation are linked together as parts 
of tlie same system.** 

lliis step the author has now made ; and the present paper 
realizes the anticipaliotts scattered through the former. Setting 
out with the general d3niBmieal theorem expressed by the equation 

///rf«<'y^,(,';-*i<+'^^M+ ^tii)=///rf*rf,rf««v. (i> 

where t, r\, i^, are the displacements at the time t of a particle whose 
co-ordinates are .r, y, z, and where the density of the a?ther is sup- 
posed to be unity, as being constant for all media, the author deter- 
mines the form of the function v, for the particular case of luminife* 
rous vibrations, by means of the property which maybe i^arded as 
distinguishing them from all others^namely, diat they take place 
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entirely in 13m inrfiMe of tlie wm* FVom this property he tliovB. 
hi die fint place, that ▼ IS ft fitnctMUk oif ilie time difienocee 

in^il ii-^i^ 

dz dy dx d» dy ds' 

and, in the next place, diat the only part o£ it which'coniea into 
play is of the second order, containing the squares and products of 

those qunntitiep, with of course six constant coefficients. Then, 
supposing the r(xo« of coordinates to be changed, he proves that 
the usual furniuhe tor the trausformatiuu of coordinates apply ako 
to the transformation of those differences ; so that, hy asswiaing the 
ZMW axes ])r()])erly, the tennsan the fimctkm ▼ which depend on the 
products of the differences may be made to vanish, and ▼ will then 
contain only the three squares, each multiplied by a constant co- 
efficient. Tlie axe? of roordinatcs in this position are defined to 
he the principal axes, (commonly called the axes of elasticity) ; and 
when we put, with reference to these axes, 

it turns out that a, b, c, are the three principal velocities of propaga- 
tion within the crystal. 

To find the laws of propagation in a continnons medinm of inde- 
finite eittent, we have only to take the Taiiation of v from the ex- 
pression (2), and, after substituting it in the rip^ht-hand member of 
equation (1), to integrate by parts, so as to get rid of the differential 
coefficients of the variations 5^, hrj, Then cquatmg tlie quan- 
tities by which these variations are resjiectively multiplied in the 
triple integrab on each side of the equation, we obtain the value of 
the force acting on each particle in directions parallel to the principal 
axes. The double integrals which remain on the right-hand side of 
the equation are to be neglected, as they belong to the Innit- which 
are infinitely distant. The rei?oIved values of the force thus obtained 
lead to the precise laws of double lefruetiou which were discovered 
by Fresnel, with this difference only, that the vibrationa come ont 
to be pmSel to the plane of pdlarixation, whereas he supposed them 
to be perpendicular to it. 

Wlien there are two ccjutigiious media, and the light passes ont 
of one into the other, suppose out of an ordinary into an extraor- 
dinary one, and we wibh to detcruiine tliC laws of the refiected and 
refracted vibrations, it is only necessary to attend to the double in- 
tegrals in the equation of limita ; but ue integratioas must now be 
performed with reiqpect to other coordinates. Taking the separa^ 
ting surfEice of the two media for the new plane of ry, the axis of Jt 
being in the plane of incidence, let the principal axis Tof the crystal 
make with these new axes the angles a, /i, y, while the principal 
axes y and z, in like manner, make with them tlie angles a', fi', y', 
and a", /J", y", respectiTely. Then, marking with accents the quan- 
titiea rdati?e to ne new coordinates, we have 
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Now if jm take the varietSons of theee expreadoo^ and aiibatttiite 

them in the value of deiived from equation (2), then multiply by 
die' dy' d^, and integrate between the limits z' = 0 and = oo, 
neglecting to take nccount of the latter limit, as well as df the in- 
tegrations with respect to and 5^, of which both the iiuiifR are 
inlimte, we shall ret, in the equatioa winch holds at the separating 
sur£ftce» a term of the form 

/rdx>dy'{fiZ^^rtn'), (4) 

where 

(J-;-g)co.„ + »^(3i-g)oo.„. 

This tprm, ninnir with a similar but simpler one arising from the 
ordinary medium, mu^t be equal to zero: and as the variations 
and 0 ij' are independent, this condition is equivalent to two. More- 
orer, the quantities ^ and 1/ are to be put equal to the correspond- 
iog ^uantifiea in the other medium, aoid thua we hate two more 
ecmditioiis, whieh are aU th^t are neceaaary for the adutbn of the 
^oblem. 

The four conditions may be stated by saying, that each of tlic 
quantities p, q, 4', »/, retains its value in passing out of one medium 
into another. Hence it is easy to show that the vis viva is preserved, 
and that If Hkewiie retains iti valne. Tlieae two cmiaeqpiencea 
were naed aa hypotheses hy the author in his Ibimer paper, and ae- 
cordingly all the conclusions widdi he has drawn in that pi^ier will 
ftiUkrn iom the preaent theory also. 
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It will be perceived that this theory employs the general pro- 
cesses of analytical n^pchanics, as delivered by Lagrange. The first 
attempt to treat the -ulijoct of reflection nnd refraction In this man- 
ner wa6 made by Mr. Grecu, lu a ver^ rcmurkabic paper, priuted in 
fhe Cambridge TVansactionB, vol. viu pot 1. Afler atating the 
dynamical principle expressed by eqoalioii (1), (though with adif- 
hxeVt bypothetia respecting the density of the aether^) Mr. Graon 
obsen'cs, that, supposing the function v to be known, "we can im- 
mediately apply the general method given in the Micamqnc Analy^ 
iique, and which apjiears to be more especialiy api)licttblc to problems 
that relate to the mu Lions of systems composed of uu immense num- 
ber of partidea mntaafij acting upon each otiier/' Such is cer- 
tainly Uie great advantage of atartmg with that general principle ; 
but the chief difficulty attending it, namely, the determination of 
the function v, on which the success of the investigation essentially 
depends, has not been surmounted by Mr. Green, who h;ip conse- 
quently been led to very erroncons results, even in the sinflpie case 
of uncrjfslallized media, to wiuch lus researches axe exclusively con- 
fined. In thia case Mr. MacCullagh's theory confirms the well- 
known IbrmnbB of fVeand, one of which Mr. Green oonoeives to be 
inaccuiate* and proposes to replace by a result of his own. winch, 
however, will not bear to be tested numerically. The present theory 
applies with cqnal facility to all media, whether crystallized or not, 
and is distingui-^hed throughout by the singular elcn:ance aud sim- 
plicity of its aualytical details ; a circumstance which the author 
regards as a strong indication of its truth. 

A paper was read by Mr. J. Huband Smith, descriptive <^rtain 
porcelain seals, amountUBg to Upwards of a dinen« fi>und in Ireland 
w ithin the last six oar sefCft years, and in places very distant from 

each other. 

He exhibited to the Academy one of these seals, with impressions 
of several others in sealing-wax. lie dialed that they were all 
nnifiDrm* eonststing of an exact cube, lumng by way of handle, 
some animal probably an ape) aeatid nponit; and that they wereao 
precisely simwr in size and general i^ipearance as to be undistin- 
guifhable, except by the characters on the under surface. Little is 
known respecting these seals beyond the mere fact of their havii^ 
bcinj:^ found in this countrv. 

An extract from Liic Ciimese grammar of Abci-iicmueat showed 
that the inscriptiaDs on these scab are those of « Tery ancient dass 
of Chinese cbttacters* "innae since the time of Ccmftieiwi**' who 
h supposed to have fiooriahed " in the middle of the sixth century^ 
before J. C." The rmote period to which these characters are 
assigned, leaves open a wide field for conjecture as to the time in 
which tliese porcelain seals^ f<»imd their way into this country. 

The situations in which i:ome of them have been found are re- 
markable. One was discovered in ploughing a field near Burriso* 
kane, ooonty of Upperary, in 1883; another waa found last year at 
XiUoud, in the county of Down t aoollier in the bed of the rim 
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Bosrne* neiur Clonard, in tiie county of Meadi, in mstng gravel ; 
and a foartii was diicofered many yean ago at a short distanoe from 

Dublin. 

FroDtt the extreme degree of heat to which tliey appear to have 
been subjected, and the consequent vitrification which has in some 
measure taken place, they are quite as capable of resisting the 
attacks of tineas the glass and porcelain deities and omaments 
found in the aranuny cases of Bgypt* and may have Iain for an in« 
definite period beneuth the surface of the earth. It is therefore, at 
least, pogsiblc that they may have nrrivcd hither from the Krx^t, 
alon^with the weapon?, ornaments, and other articles of commerce, 
which were brought to these blaridd by the ships of the great mer- 
chant-princes of antiquity, the Phcenidans, to whom oar ports and 
harbours were wdl known. 

Mr. Smith then called the attention of the Academy to tibe re* 
markablc (!i«rf)ven', by Rosellini, Lord Prudhoe, and otlier recent 
travellers, ot uncjueationablc Chinese vases in the tombs of Egypt. 
He read a passage from Davis's China, in which some of them were 
described; and also an extract from Wilkinson's Ancient Egyp- 
tians, from whidi it appeared that the nmnher of Chinese ▼ases 
found at Coptos. lliebes. and elsewhere, amoonted to seven or 
eight, and that the inscriptions on them had been translated by 
Chinese scholars to mean, "The flower opens, and, lo! a&OCfaer 
year," being a line from un anciont Chinese puem. 

From this the trade of China witli distant countries, at a period 
of the remotest antiquity, being clearly proved, Mr. Smith sub- 
' mtttcd to the Acsdemy that a case of strong prohalultty had heen 
made ont, tint the porcelain m als found theur way into Ireland 
al some vcnr distant period. In fact, if they be not of modern in- 
troduction into this countr}- — a supposition which the situation? in 
which several of them have been found seems utterly to preclude— 
tlieir arrival here must of necesijity have been most ancient, 

January 13. 1840.— Sir Wm.R. Hamilton, Fkerident. in 

the chair. Professor Mac CuIIagh rnude a communication respecting 
the oj)tical Law? of Kock-crystal (Quartz). 

In a paper read to tlie Academy in February 1836, and published 
in the Transactions, (vol. xvii. p. 461), he had &hown how the 
peculiar properties of that crystal mi|B;ht be explained, by adding, to 
the usual equations of fibratory motion, certain terms depending on 
diflfierential coefficients of the third order, and containing only one 
new constant c. This hypothesis, which was very simple in itself, 
not only involved as consequences all the laws that were previously 
known, but led to the discovery of a new one — the law, namely, by 
whU the ellipticity of tiie libiatioiiB depends on tlis direetem of 
the ray within the crystal. He was not able, however, to account 
for his hypothesis, nor has it since heen aeoounted for by any one. 

Rut the theory developed in the paper which he read at the last 
nicetiji^ of the Academy, now enables hltn to ass^ij^n, with a high 
degree of probability, the origin of the additional terms above-men- 
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tioBBd* md, if cot to account for them mechftmeally, at letst to 
advance a etcp higher in the inquiry. In that theory it was sup- 
posed, (and the supposition holds pood in all known crystal?, ex- 
cept quartz,) that the molecules of the trther vibrate in right lines, 
the disjjlttcemcnts remaining always parulkl to each other as the 
wave 18 propagated ; and it was abown tiiat the tection v, by 
whioli the motion is determined, then depends only on ^e rdaiw0 
^Siphotnmit of the molecules. But when thia is not the case,*— 
when, as in quartz, each molecule is supposed to Tibrate in a curve 
. — then it is natural to conceive that the function v may depend, 
not only on the relative displacements, but ul&o on the relative areas 
which each molecule describea about every other more or less ad- 
vanced in its vibration. Thia idea, analytically expreaaed* intro- 
duces a new term v into the value of the function 2 v ; and* if thtt 
plane of the wave be taken for the plane of dry, it is easy to ahow 
that 



Now if we integrate by parts the exi)ression 

/ // dsdydz Bv, 

to as to g-et rid of the variation*' of differential ooefficienta* tha re- 
duced form of the triple integral will be 



are to be added to the usual expressions for the force in the direc- 
tions of T and y respectively. These are the very terms in the addi- 
tion of which the hypothesis before alluded to consists. 

Hie Secretary read a paper by James Orchard Halliwell, Esq., 
F.R.S., &c., entitled " an Inquiry into the Period of the first Uae 
of the Zero by those Writers who adopted the Notation of the fioe* 
tian nnmerical Contractions*." 

The author referred, at the commencement of this communication, 
to the opinion which he had formerly expressed on the nature of 
the change from the use of the abacus, to ttaX of local position, and 
the cipher. Hiis opinion is contained in the following extract: 
— " It would be impossible, with the few materials yet brought 
to light, to conjecture with any ^cat probability, how far these 
Boetian contractions may have influenced the introduction, or co- 
operated with the Arabic system, to the formation of our j)rcseiit 
numerical notation. It appears to me highly probable that the two 
systems became united ; because the middle age forms of the figure 

* Papers by Mr. Halliwcll on subjects immediately coanected with the 
above, wUl be found in the last and preaent vols, of Lond. and Edin. Phil* 
Mag. 





from which it appears that the quantities 
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Jh9 eoindde wiA the Boetiaii maikfinr the same numenl* tad tlioee 
of two others are very simikr. The idea of local jMutum, again, 

may have had an independent European origin ; the inconveniencet 
of the abacn? on pRper would have suggested it by destroying the 
distinguishing lK>uniUa ic«, and inventing an arbitrary hieroglyphic 
for the representation ot an empty square." 

The author then pRMeodid to adtooa evidenee tnm aome doen- 
BMBit recently diaoovered in aupport of tlieae viewa. He ahoiwed 
from the Menta MS. in the Arundel collection, in whafcaianner the 
mode of operation with the abacus had Lecn improved, ?o to lend 
naturally to the present system. He then brought forward some 
p?!8«agf ? from MSS. illustrative of the first employment of the zero *, 
and cuucluded by adducing an instance from a MS. of the translation 
of BuoBd hy Atiidaid, of the fomrteenth oentory, belonging to Ite 
Annddl ecdlection, in which tlie nmnber 15 xa written in theae eon- 
traetaona, and without a dinaion. 



XLIII. Intelligence and Miscellaneous Articles. 

PRECIPITATION OF IRON BY ZINC. 

MCAPITAINE states that when a plate of zinc is immersed in 
• a neutral solution of protorhloride of iron, the zinc in a short 
time, esperinlly if heated to ebullition, obey.« the marrnet and becomes 
brittle, and on cuutmuing tlie immersion tiierc iciuaiuh oiiiy a friable 

jfragment of pure iron. Nererthekai, aa it may be auspected that 
aome sine may remain unacted upon, he haa infented a very simple 
arrangement to avoid this inconvenienee* It consists in immersing 
into we solution of iron a plate of copper perfectly cleaned and sol- 
dered at one end to a piece of zinc. It is very nearly the same ap- 
paratus as employed to obtain the lead tree* and it acts unquestion- 
ably in the same manner. The iron is deposited on the copper in 
a tain friable layer* having a metallic splendour* but without any ap- 
pWtfance of crystallisation s thia mode of operating haa no other in- 
convenience than its slowness ; but in whatever manner it is con- 
ducted, tlierc is always a disengagement cif hydrop-cn, Avhich cou- 
tinue? as long as the metallic precipitation. — Journal de Vhimie Med. 
Junuury 1840. 



ACTION OF CHLOIUNE ON THE CAiiaUilLTT£D HYDROGEN OF 

ACETATES. 

M. Dumas has read a notice to the Academy, of which the follow- 
ing n an abstract. Acetic add treated with chlorine yields cUoro- 
aeetic acid, and this under the influence of the alicalies is converted 
into carbonic acid and chloroforme. If there exist, as I have an- 
nounced, a similarity of type between acetic and cliloroacctic acid, 
the first ought to ^ve with the alkalies a carburetted hydrogen 
O H^, corresponding to chloroforme H'' CI". The production of 
thia carburet under the influence of the alkalies is not known; but of 
the caiburct C* H" produced by the aoetatei corresponding to dilo- 
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roform H*G1^ it ought to give rise by means of chlorine to the 
foUoviDg series : 

H'' CI- hydrochlorate of mcthylen 

H** Ci^ chloride of hydrochlorate of methylen 

C* H« Cl« cbloroforme 

C« chloride of caxboD. 
" I have made many attenqsCs." aays M. Dumas, " to ascertam the 
pioductlon of these miou9 bodies and he adds, ** aooordiog to the 
detaila of the experiments, the gas of the acetates acts under the in- 
fluence of chlorine as the law of substitutions and the theor)' of 
types hud previous!}^ indicated, for the body C* is converted into 
Gl^ ; it being well understood that this conclusion rclalca only 
to the gas of the aoetatea, no experiments having been made with 
pond gas ; and he has bat little experimented with the gas from 
aloohol, which may be merely a mixture. M. Dumas maintains 
pnrely smd ?imp1y hi? precedinfr conclusion* : Rcetic ncid imd chlo* 
roHcetic acid belong to ttie same type, and the same exists with re- 
spect to cbloroforme and tlie carburetted hydrogen of the acetates ; 
for acetic acid produces the carburetted gas, under the circumstances 
in which ehlomaeetie acid yields ehlorotorme ; and the ehlofofbme, 
as w( 1! us t!ic carburetted gas of the acetates, is converted by the 
action of chlorine into a chloride of carbon C< Cl^, whioh belongs to 
tiK same type as they.— L'/Mli^tf/, No. 318. 



HYDBOCARBURST OF BROMINE* 

M. PeUmie and M. MiUon by subjecting to Hie aetion of bromine 
the carburetted hydrogen obtained fiom the decomposition of alco* 
hoi by barytes, hydrocarburct of bromine corresponding to tlic liquor 
of the Dutch chemists, M. Pelouze stated it as his opinion \\yA\ this 
compound, which is i)crfectly identical with that obtained from oleti- 
ant gas, could not be explained by the law of substitutions. He 
adds, that in his opinion, this law, when it is well known, is only a 
particular ease of the tiieafy of diemieal equivalentB ; and that he 
has undertaken with M. Millon, some experiments to support his 
opinion in this respect. — L*In$HtuU No. 318. 



NATIVE 8UL1>HATE OF MAGNESIA. 

Indiana, one of the United States, contains a great number of 
grottos ; one of these, near the Ohio, is celebrated for the masses of 
Epsom salt which are found in it. The mountain in whidl it is 
placed is 400 feet high, and is formed of limestone. The summit 
is covered with cedars and oaks. 'Ilie entrance to the grotto is half- 
way up the mountain ; it is from 12 to 15 feet wide, and 3 to 4 in 
height. The descent is easily made into a spacious chamber, aljout 
a quarter of a mile long; its height varies from 4 to 20 feet, and its 
width from 10 to 20. The roof is sometimes flat and sometimes 
arched. At the extremity of the grotto it bifurcates ; the bifurca- 
tion on the right side is short ; that on the left hand leads by some 
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stqps of stoM to ft stage of ten feet high, and is in a 8oath<-Mt di- 
rection. Here the roof begins to form a regular arch, tiie h^ght of 
which from the floor varies fh>m five to eight feet, the grotto being 
from six to twelve feet wide, to the part mlled the crawling place, a 
name which is triven to it in consequence of travellers hciner oblig-cd 
to crawl, in order to reach uaother large neighbouring chunibu ; 
from ^a to the spot, in wtaek a pillar is found, for a mite and a 
qmrter. there ooeuis an altemaling euooesiion of laige and small 
chambers. Sometimes the way La flat, at other times cnormons 
hlockn of rock must be climbed, which have been detached from the 
roof, and then the pillar occurs in the form of a mng-nihcent ^viute 
column, wliich reflecting the sombre iiglit uf t\\c torches, has a 
majestic and dazzling aspect. Visiters rarely proceed fur^er than 
Irofn too to 150 fathoms. The pillar or eolnmn is 15 feet in dii^ 
meter and thirty high ; it is regnlaily fasciculated from the summit 
to the base. Not ^r from it are several other pillars of the same 
form, hot of smaller dimensions: it is composed of carbonate of 
lime. 

'llie date of tlie discovery of this grotto is not known ; it is known 
only that it was tisited in 1807 by some persons vrho found in it a 
bed ol aalts from 6 to 9 foet thick on the bottom of the grotto, where 
they observed enormous blocks scattered over it, whOst the walla 
were covered with saline products. The sulphate of magnesia abounds 
tbronnrhont this grotto in different forms, and sometimes in masses 
of oiK- ] (jinui to ten. The soil has a brilliant appearance on account 
uf the numerous |>ortiona of this salt disseminated in it. This suU 
phate lines the waUs at various distaiiocs ; If it be removed it is re* 
produced in four or five weeks in needle-form ciystalt . The poorest 
ttirth which has been washed gave four pounds per bushdl, and the 
richest from 20 to 2.'; ])ound;-' The salt which next occijr? \u the 
greatest ciiiantitv is nitrate of lime, and after^vards nitrate of alumma, 
which yields us much nitrate of |>utash as the nitrate of lime. Jsul- 
pliate of lime also occurs, with traces of sulphate of iron and of car- 
bonate and nitrate of magnesia. The sulphate of nmgnesia is not 
pure, as will be readily conceived. — Jwnud de CkSme MediaUt 
January 1840. 



MANUFACTURE OF CHI^RATE OF POTASH. 

M. Pelouze has communicated a new and advantageous mode of 

preparing chlorate of potash. Hitherto carbonate of potash has 
always been decomposed by chlorine: M. Pdoiizc describe?* the in- 
conveniences of tliis process, which he j)roj)osc s to remedy by sub- 
stituting soda fur potash ; by this chlorate uf soda and common salt 
are obtained, and the chloiate of soda is converted by double de- 
composition in chlorate of potash by one of the cheap salts of pot- 
ash which occur in commerce. 

M. Pelouze also proposes to pa^s chlorine into milk of lime, by 
which fhlnride of lime is obtained, and this is then decomposed by 
chloride of potassium. — L lnstitut, No. 318. 
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DIABETIC BLOOD AND URIJJE. 

M. MuUer observes that the opinion that diabetic blood contains 
sugar has been many times contradicted, because it has not always 
been proennble from it. 

The following are the resuUs of M. MuUer's expc rhuento oA dift* 
betic blood obtained by vensesection, and also of the urine 
Twelve ounces of the blood gave ; 

Chloride of sodium 

■ ■! » i " of potassium . . . . , , 

Sulphate of jpotash 

CazWate of potaib 

I of hme 



Carbonate of soda . . 
Phosphate of soda . . 
— — of iron • • 

Sugar 

Albumen .. *• 
Haematosin • • • . 
liquid fat 

Crystallizable fat . . 

BlbiiA 

ExtractiTe matter 
Carbooate of lime . . 
Water 



Fifty ounces of the urine of the same patient contained : 

Oi. Dr. Grs. 

Diabetic sugar 2 8 37 

Urea 0 0 Ij 

Extract of a very disagreeable odour 0 5 40 

MucottB matters 0 0 6 

Gum 0 2 26 

All)umcn 0 0 7 

Sulphate of potash .. •« •« 0 0 5 

Chloride of sodium ., 0 0 13 

— — of potassium 0 0 3\i 

Pho^hate of lime 0 0 6 

Hydxoehlorate of ammonia 0 0 8 

Phosphate of eoda 0 0 26-25 

- ' of m a gn eii a 0 0 0-75 

Silica 0 0 1 

Oxide of Irtm trace. 

Hippuric ueid trace. 

Water 46 3 0 
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8IB JOHK F. W. HERSCHKL'S NEW RESBABCHBS OH THE SOLAS 
^nCTKVM AND IN PHOTOGRAPHY. 

The following are some of the points of novelty which occur in a 
paper by Sir John Hersehel, now in course of reading before the 
jtloyal Society : — 

1. Detection of luminous rays, and a new prismatic colour beyond 
the extreme violet. 

S. Biscorery of a dienical spectrnm beyond the ertrme red ray*. 

S. Aatumption, according to circumstances, of either an oxidizing 
or n <lc oxidiiing action by the chemical rays at either end of the 
spectrum. 

4. FonBation of piiotogrnphic impressions of the spectrum, ex- 
hibiting the prismatic colours in imitation of the colours of those 
rays by which tiiey are produced ; and a variety of other tints. 

5. Photographic effects prouut by the aimiiltuieous action of 
two rays differing in refrangibihty, which neither of them, acting 
alone, nro capable of producing at all. 

6. Actiou of the ?})ectrum on vegetable colours. 

7. Discovery ol a process of secret photographic painting, in which 
the image may be preserved td mfinitMm in an inTiiiUe atate« ca- 
pahle of being at any moment rendered viiible* 

8. Account of a prooesa for fixing photographic pictona on glaai 
plates. 

9. Analysis of the absorbent action of various media on the 

chemical rays. 

10. Account of a self- registering photometer for meteurolugical 
purposes. 



METEOROLOOIGAL OBSERVATIONS FOR JAN.^ 1840. 

Oiiswkk. — Jan. J. Ovprcnst : fine. 2. Vciy fine. Fine: sligJit rain. 4. 
Kaia. 5. Cloudy and iiiie: tiU!»ty at night, ti. Frosty. 7. Clear and fro&ty : 
SBVtra frost at night. 8. Severe frwt. 9. Overcast: fine. 10. Overcast: fro&ty 
at night. 11. Sharp frost 12. Frosty : fine. 13. Clear. M. Ha?y. 15. 
Uriuly. 16. Fine. 17. Foggy. 18. Frosty and fuggy : rain. 19. Boisterous, 
with hetvy rain. 20. Run : fine: boisterous at night 21. Very boisteroue wltii 
rain. 22. Cloudy: clear at night. 23. Rain ; windy at night. 24. Boitterous. 
25, Overcast : rain : fine. 26. Stormy and wet. 27. Clear and cold. 28. Bain : 
boisleroiM. S9. Very fine. SOk Hsqr. 31. Very 6n«. 

The frost was, for a dMjffi tiiiM^ v«C7 interne lietwcea the 7A sod 8tb. bang 
201° below freezing. 

Akifni.— Jan. 1. Cloudy. S. Fine. 3,4. Cloudy. 5. Flnoi 6. Fine: 
little snow r.M. 7. Fine. 8. 9^ la Cloudy. 11, 11^ 18. Fine. 14, 15. Cloudy. 

16. Fine. 17. Rain. IS. Cloudy. 19,20. Cloudy: stormy with rain p.m. 
21. Stormy : thunder and forked lightning with rain a.m. 22. Cloudy. 23. 
Rain. 21. Stormy : rain p.m. '25. Fine : snow ii.M. 26. Rain : nUB etdijr A.M. 

27. fine. '29,29. K iln. 30. Fine. 31. Cloudy rain early a.m. 
Afptegjortk Mamf, Uutn/'rk'S'tiiire.— Jan. 1. Fine morning : rain v,u, 'J. Very 

wet *jM.t dKNrery aildey. 3. Quiet day with slight showers. 4. Fine day and 
fair: aurora bOTCalis. 5. Clear day ; liarl fm^t. 6. Fine frosty day, 7. Dull 
and cloudy. 8. The same : thaw. 9. 1- ro&t again. 10. StiU frosty but cloudy. 
11* Wet and stormy. 13. Tbe some aU day. IS. Fair, but threatening rain. 
14, 15, IG. Wet and boisterous, 17. Clear and tending to fVost. IS. Ruin 
again and wind. 19. Heavy rain a.u. : showery all day. 20. Freouent show- 
en. 91. Wiad very high. 22, 23, 24. Boial^us wcatlier. 95. Tiie nine : 
sliglit sliowers. 26. Moderate but showerj-. '21. SLic Lx ssirin of snow showers, 

28. Frost A.M. : snow : thaw r.sr. 29. Frost a.m. : fine winter d*y* 90. Fkwt 
early AJ<.; ckaoger.M. 31, Slight showers a.m. : fine day. 
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AP HIL 18iO. 



XLIV^ Letter from M. Kreil, Director of the Obscrvalory 
at Milan, to M. Kupvfer, Director General of the Phy* 
skal Ohervatpriet in BuuiOf containing a succinct Account 
the principal Results qfVi. Kreil's Magnetic Observa- 
tions at MitanJ^ Commmieatid Major Sabinb, jR.il. 

THHE tjb^crvations arrange themselves iiiulci iliree heads: 
i.e. absolute observations, obbervaLions of tiie periodical 
chl^lge% and of the perturbations of the magnetic forces. 
The absolute observations have shown that a ooraiiction must 
be applied ta the dediaatiocs previously puUulied« which 
had been determined within the con6n«s of the Palace of 
Brera» where the Astronomical Observatory is placed, and 
where masses of iron appear to have exercised a disturbing 
influence* A series of observations made last spring in an 
open meadow 640 metres from the observatory, showed that 
the previous determinations were 23' 16" in excess. A se- 
cond scries made in t)je botanical garden adjoining the ob- 
servatory, on a spot whicli is 47 metres from the palace, but 
which was not nvailabie belore, gave an error of 21' 51". I 
have tukt u ihe mean of these determinations, i. e. 22' 33"'5, as 
the cjii uiuty by which all the declinatioos hitiierio published 
are to be diiuiuished. 

Tiie apparatus employed in these observations wa:> made 
in Gottin^ren by M. Meyerstein, and is furnished with two 
neediesy suniler in Ibm and weight, but of unequal magnetiam. 
Uoder circumstances preciselj simUar, one of them (No. 4.) 
makes a vibration in fiS'^-S; the other (No. XVIL) in 99"'6. 

* From the liuUei'm Sctenlifique fMit porPAead, Imp, da Scicncci de 

Pt'U-rsfmir^f vol. v. No. 91. 

Phil. Mag. S. 3. Vol. 16. No. 103. Ajpril 1840. 'R 
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If these two needles are employed for determining the de- 
clination precisely in the same manner ns described in p. 146 
of the 1° Supplemento alle Ephemeridi di Milano^ a constant 
difference of nearly 8 minutes is found between their results, 
the weaker needle (No. XV'II.) giving the greatest declina- 
tion. With needles of still weaker mafrnetism, some of which 
have l>een made here, this difference amounts even to half a 
degree, not only when the obsti vaiions are made wiihin the 
influence of the iron of Brera, but also in the open meadow. 
All the obsenrations of deolinatkm hitherto published have 
been made with the stronger needle (No. 4.)« I have not been 
able to discover any reason for this pbenomenony unless it is 
caused by temporary magnetism. However it showed itself 
in the first ^ear too plainly to be doubted ; and I should have 
mentioned it before, if I had not been desirous of obtaining 
the {greatest certainty which repeated observations could give, 
and ot sv:ii[iiig to see whetiier the same circumstance might 
not have been remarked by other observers. In respect to 
the horizontal intensity I nave not as yet been able to per- 
ceive any difference between the determinations made with 
these two needles. 

' The obeenrathms for the periodical changes were made six 
' times a day; they included in the first year mwervations of de* 
dination and of the time of vibration of the horizontal needle; 

in the second year the inclination was observed in addition 
lo the above phenomena ; and in the third ^ear the time of 
oscillation of the dipping-needle was also mcluded. The 

result has shown that no clear view of these complicated pha>- 
nomeua can be obtained unless they are all observed. The 
results derived from our observations are tlic ioilowinij: 

1. In Milan, and at the present e})ocl», the iiorizontal por- 
tion of the magnetic force reaches its least daily intensity 
between 8 and 10. ao a.m., it then imuiediutely begins to in- 
ciease rapidly and attains its greatest intensity lietween 4. SO 
and 7. SO i>.m.» after which it decreases. An irregularity 
ijk>ws itself in the increase of the foroci which is sttu rapid 
between 1 and 2 o'clock) becomes almost imperceptible be- 
tween 2 and 4, is again more rapid between # and 6, and is 
then changed into a decrease; we shall see presently the ex- 
planation of this. 

2. These epochs of t!)e mnxifuum and minimum of the 
hori/ontal intensity, which as iliey are obtained from all the 
observations may be termed mean epochs, are not constant. 
In the summer niondis the minimum is earlier and the maxi- 
niuiu i& later tlian in the winter. 

3. The difierence between the maximum and minimum is 
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matest near the tiine of the sommer solstioe and least in 
^December. 

4* The intensity of the horizontal force incr^ses from Ja- 
nuary to June, and decreases from July to December. 

5*^ The declination begins to increase at 8 in the morning, 
and increases rapidly until 1 or 2 in the afternoon^ when it 
attains its highest amount; it then decreases more slowly until 
it readies its lowest value : in the winter months the declina- 
tion i ' nsiiully less at 11 in the evening than at 8 in the morn* 
ing, but only occasionally so at other seasons of the year. 

6, The mean value of the diftereuce between the grealen 
and the least declination is The difference is trreaiest 

in the month which luliuws die vernal e<juinox» oud l^ast in 
December. 

7« Thii divernty is the eonaeqnence of die annual change 
in the declination, which at different hours in the day foUowa 
an opposite course; in the forenoon, it decreases in spring 
and increases in autumn; in the afternoon, it increases in 
sprinff and decreases in autumn ; hence it follows that there 
roost De some hour in the day which is free from die annual 
change in the declination and which is therefore most suitable 
for insulated experiments. At Milan and at the present epocbi 
this hour is between 10 and J 1 a.m. 

8. The total force attains its lenst intensity at 8 in the 
morning or earlier, and its greatest int( nsity lictween 1 and 4* 
p.m. We are still in want of a sufficiently extended series of 
observations to furnish witk equal certamty other hcta re- 
iuting to this element. 

9. The inclination increases in the morning till towards 
10 o'clock, when it deersase% bnt not vniiiterruptedly, for it 
incveases agam in the sAmoon, and at 4 attains a second 
maximnnii after which it decreasss without Intermptioii till 
near midnight. This alteradon m the inclination retards tiie 
tine of the maxunnm and minimum of the horinontal foroe 
liy two or three hours ; and its second maumnm exphuns the 
anomaly mentioned in No. I. ' 

10. The amount of the altmtion of the indination seems 
to be also dependent on the season of the year. A greater 
alterntton 'above n minute) was observed in sammer, andn 
less (about halt a minute) in winter. 

11. The times ot the absolute maximum and miiiimuni are 
very variable, but even in this variability a law is plainly roa- 
nifest. In Jamiai v and I'^ebruarv the nijixiimuii was observed 
at 4-. :iO p.m., in March and Api il at 10. 30 a.m., from May 
to August at 8 a.m., in September and October at 10. SO' 
fum.y in November fit I pon^ and in December at SO' ^.m. 
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The minimum of inclination was at B a.m. in the winter 
months (i. e. November to March) and at 1 1 p.m. in the ft* 
maininpr nionth?, with the exception of Jane «id July^ when 
it took place a*j early as 7. 30' p.m. 

These results are deduced from the general or monthly 
means oi the iliftcrent hours of observation. Another com- 
bination of the observations in dnily means, i.e. the averages 
ol all the obaci vations taken on the same day, ouglu to show 
those alterations which have a period longer than a day and 
less than a year: a monthly period is thus shown; but as yet 
It is only in the horisontal elements that it can be recognised 
with certainty. The observations with the inclinatorium have 
not been brou^t into the catcnlation, because they were 
frequently intermpted» and because at first the axis of osdlla- 
tion of tiie needle was too fhr removed from its centre of 
gravity. 

12, \\ thu daily means of the times of vibration of the 
horizontal needle reduced to the temperatui c of 0, are com- 
biiKM.1 to^^etlier in such series that the middle of eacli shall 
coiiicidc vvitli a j iliase of the moon, and if the means of these 
series are ireed fi om the inlluenee ul the loss of magnetism 
of the needle bv bemg reduced to the same epoch, we then 
see that the total means of all the thnes of vibration observed 
near the new moon» and during the first quarter^ are less than 
those near the full moon ana in the last qoatter. If we 
compare the difibrent months with each other, we see that 
the phacnomenon, as it is here enounced^ is only found in the 
eight months from November to June, and that in the four 
remaining months, i. e. July to October, the contrary takes 
place; for in the latter interval the longest times of vibration 
coincide with tlic new moon and the first (juarter, and the 
shui Lcst times ri" vibration with the two other phases. 

13. This plicenotneiiun might be thought to be an efiect of 
the rotation of the sun round its own axis, which, supposing 
the sun to lie magnetic, would cause sometimes one and some- 
times the other S the poles of its magnetic axis to be tnmed 
towards the earth; and this hypothttis would also ecplain 
the alternations of the phsenomena accordm^ to the diflerent 
seasons of the year, as the earth is opposite to one or the 
other of the solar hemispheres according as she is in the 
summer or in the winter half of her orbit: but this will not 
hold good. Tlie ejioch of the least value of the intensity is 
open to the objection iliat the time of rotation of the sun is 
two days shorter tiian the time of the synodic moon, and this 
diO'erence of time combined with the diflerent positions of the 
eortii iclatively to the ^ua, would cuuse the phiuuomeiiou to 
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be nearly the same in the summer and in the winter months. 
We must therefore give up the idea of tlie effect being jiro- 
duced by the sun, and must seek its cause rather in the posi- 
tion of the moon's path, by which in winter the moon wliea 
new is but iitde raised above tliL' Ltnizon, whereas in summer 
wiicu bhc is in this phase bhe aj>proaehc:) the zenith. If she 
has a sensible influence on the horizontal needle, it inast be 
greatest when she is near the horizon, and thus the alterna- 
tion of the phaeDomena at different parts of the year would 
be eiqphiined. If this be the true reason, it must show itself 
also when the observations are combined by another method, 
that is to say, when they are arranged according to the 
moon*s declination. The daily means were therefore formed 
into series, one of which always comprehended all tlic ob-^er- 
vations of the same or of two successive months durinii; \\ h ch 
the moon's declination was south, and the other, all those 
during which the moon was north of the equator. These 
series, when freed IVoni the gradual iuerease of the time of 
vibration caused by the diminishing magnetism of the needle, 
and ooiiected into two general means, snowed that the time 
of vibration (which is nearly 9^ & mean time) is less by 
0^*00168 when the moon has south declination than when 
ahe is north of the equator, which confirms the above-men- 
tioned hypothesis. 

14. As the influence of the moon diflers so sensibly nc> 
cordin;:^ to the difference of her position in the heavens, it 
seemed worth while to examine whether her greater or l<'ss 
distance from the earth might be indicated by our nui<jiu lic 
needles. The daily means were collected for this purpu?,t; 
into scries, in such manner that the middle of one series should 
coincide widi the moon's apogee, and the middle of the next 
with her perigee, then prooeedin|[ as before. The general 
means showed^ that the times of vibration at the time of the 
perigee were 0^*00198 less than at the time of the apogee, 
agreeing also with what has been said above. 

15. Il* the intensi^ of the magnetic force is so sensibly 
subject to the influence of the moon, it is highly probable 
that the direction of our needles may also be altered by it, 
and iL rntist be possible, by a suitable mode of combination of 
tlie obst^^rvations, to recogmse such an alteration. It is plain 
that tlie daily means are inapplicable for this purpose. The 
observations of each hour must be considered apart, and di- 
vided into series according to whether at tiie time of obser- 
vation tlie moon was east or west of the magnetic meridian. 
Il is true that in single months, the elBRect of this influence is 
obliteniled by the annual alteration in the dedinationj which 



Digitized by Google 



as we linve seen in (7.) is diiierent at diflferent iiours oi the 
day. But in a longer series of obsi rv;iii(Mis, on account of 
the periodicity of the last named uUeraLion, ihe elFect oi a 
coii^UiiiL iliuLigh much weaker cause acting according to quite 
a different law must be tTAoeefale^ the result hu shown. 
The following are the difimnces at the di£ferent boars of the 
day between Uie decUnations found with mow east and moon 
west 



Hours. 


■■!■ E:v^t.— (.( West. 


20 0 


+ 10"- 8 


22 30 


.4-27 -5 


1 0 


+ 9a 


4 $0 


+25 -9 


7 SO 


+ 8^3 


11 0 


+ 8*0 


Mean 


+ 



It is true that these numbers are not ^et oorr acted for the 
secolar deerense of the decftination, but it does not appear to 
have been great enough to aflbct the result essentially. In 

the year 18S6 the observations were not made cxacdy at tfie 
sHme liours, and cannot tlierefore be employed for deternii- 
iiiii^^ tJu: secular alteration, but li urn itiSl to 1838 it was 59'''8, 
wliiiU would ijive a cori(jctioii of 2""5. Tliis it doubled 
would not alter any of tlie m^hs in the above table. We 
conclude iieiice, dial in this coualiy the declination is always 
greater when the moon is east of the magnetic meridian, and 
kss when it Is west 

16. All the results which we Imvo derited from our obser* 
yations in reference to the eifeots prodaced by the moon agree 
in presenting her as a body exercising magnetic influenos^ 
and in whicfi the prevailtog magnetism on the hemisphere 
turned towards the earth attracts that pole of our needles 
whirl) i< turned towards the southp and iocTsaaea the magnetic 
intensity oi our hemispliere. 

The observatioDs of perturbatious .iiave manifested the 
loilowiiKT Ihcts : 

17. Great disturbances frequendy occur on the same day, 
or nearly on the same day, in diHerent years. Thus the 
greatest disturbances which took pbioe in the jsar 1886 ware 
on the fiSnd and HSfd of April, and on the i8th of October, 
and both these were repeated cm the same days In 1887« In 
1888 several of the distiubaiioas took place afewdayahiter 
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thnn they had done in 1837» as is shown by the foUowuig 
compariion : 





Jan. 


Feb. 


Mar. 


April. 


June. 


July. 


Aug. 


Sept. 


Oct 


Dec. 




25 


13 IS 


92 


6 9S 97 




8 28 


25 


14 16 


18 


14 19 


1838. 


28 


IG 21 


17 


11 89 SO 




12 34 


23 


14 15 16 

1 


17 


20 28 



These coincidences would show a new Act, namely, the 
periodical nature of these phaenomena» if equally considerable 
disturbances had notoccurml, (ex. gr. those of the ISth, litfa, 
and 15th November 1837, and of the 17th January 18SS,) 

without any corresponding disturbances being traceable in 
other years. The subject requires to be further elucidated 

by continued observation. 

Another point to which the attention of the observer should 
aUo be dn ected is, the symmetrical arrangement of these dis- 
turbances in the same year, many oi them being nearly six 
months apai t, ibr example : 
In the year 1836 and 

1837 the dii>turbances on the 22nd April ajul I8th Oct. 

1838 ^ — 17th Jan. and 12th July, 
da — — 21st Feb. and 2drd August, 
do. — — S9th April and 81st October, 
dOb ^ . — 4th June and 5th December. 

IS. All hours of the day do not appear to be equally fa- 
vourable to the development of this pnsenonienon} at least its 
fini indications occur much more trequently in the evening 
than in the morning hours. If we take from the 105 dis- 
turbances marked in our day-book» those which were ob- 
viously continuations of perturbations which had begun on 
preceding days, as well as those which were first remarked 
during the intervals between the regular hours of observa- 
tbn» then the iirst indications of 

19 were at 20" 
1 — at 22 30 
9 — at 1 0 

21 — at 4 30 

16 at 7 dO 

It at 11 0 
Here it is to be remarked, that the observation hour, 11, 
precedes the longest interval namely, the night, and that the 
greater number of the more considerable disturbances ez« 
tend over several hours or even days; therefore perturbations 
which may have begun in the early hours of the night ought 
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to be taken from those which are ascribed to the fiiiL hour 
hi the moruiiig when the apparatus was observed. It follows 
that iiiiich fewer disturbances begin at that hour tlian in the 
evening. It ia remarkable ihat a liisturbaiice hardly ever 
be^8 is the latter hours of the forenoon. 

19. Tho pertarbatioos appear to oommenoe &r the noftt 
part suddetuy^ as by shocks. At least it was so in those cases 
m which the pheeooroenon be^ under oor cyesy that is to 
say, at the time of an observation. It was so on the 18th of 
februtty 1887» on which day an anrora showed itself with 
a magnincence unosuai in this country. Two series of transits 
of a division of the scale across the wire had been observed 
as usual. In the first series at 4** 38™ these passages n pureed 
to a tenth of a second of time; — n proof that the needle was 
still performing its minute vibrations with periect regularity ; 
nor in the preceding observations of tlie same day was any 
trace of disturbance to be discovered. In the second series, 
whicli ^vas made 12 minutes latei , there were differences of 
2 seconds of time, and the needle was visibly drawn back- 
wards and forwards by the disturbing forces. I may be per* 
mitted to mention one mora among many similar cases. It 
is that of the ver^' great distnrbance of the 14th of November 
1S87| at which tune we were making magnetic obeervatioBs 
for three days uninterruptedly from 5 to 5 minntes» and what 
neceasary at still shorter intervals^ for the purpose of exami- 
ning whether the periodical phenomenon of the falling stars 
was or was not connected with magnetism. Between 10 and 
1 1 in the evening the needle appeared pretty tranquil, al- 
though earlier in the day it hnd been much disturbed. The 
observer, Sip:. Delia Vedova, was engaged in observing the 
passage oi a division of the scale across the wires, and had 
chosen for that purpose a division ncnrly in the middle of the 
arc of vibration, which was then about 7', when all at once, 
at 11^ 7', he saw that this division did uoL come tu the vviic, 
although it had taken its direction towards it; but before 
reaching it, the needle had turned the opposite wav, and im* 
mediaidy after the scale dissopeared from the fiad of view, 
which was Idt quite dark. The observer, thinking that the 
lamp which illuminates the scale had gone out, was about to 
rise in order to light it again, when he saw the scale suddenly 
reappear, move rapidly across the field, and disappear on the 
opposite side. The rapidity of the movement mdicated a 
much larger arc of vibration. The arc had in fact increased 
4-0 minutes without any apparent cniise. As the observations 
could not be exact whilst tlic v ibrations were so great, Sig. D. 
Vedova was about to employ a maguelic bar wmch is always 
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at hand to be naed in quieting tba nceclle ; but be was antici- 
pated, for tbe arc of vibration suddenly diminished to lesd 
tlian a minute, so that the needle appeared quite stationary; 
nt tlie same time the declination incrcnsedso rapidly, that its 
alteration in the course of a uiinute of time amounted to 
G' of arc, a quantity which at this season of the year is hardly 
travel ^^tJ^I h\ ilie needle in the course of an entire day. 

The iiilluciice of llie disturbing forces usually aii'ecLs all the 
elements at the same time, but it also happens not unfre- 
quently, particularly io mioor disturiMUioe% that their effisct 
only reeciiee Uie most aciuitlYe of tbe three deinentBy i. e. 
ihm deolinatioo ; and imne casee^ though rare onee» have oo* 
enrred in which the time of vibration of the horizontal needle 
nnderwent considerable alteration without the declination be* 
ing affected at the same time ; an example of this occurred on 
the IBtk of November 1867 between 6 and 10a«ai« 

20. The greatest change of declination duinng a perturba- 
tion yet observed in Milan was on the 11th of November 
1837. it amounted to 1° 11', which is nearly ten limes the 
mean daily alteration in this month r by reason of its great 
variability tins element returns to its usual value sooner than 
the other elements. More examination is still required to 
manifest, whether the general icudency of the perturbations 
is to increase or diminish the average amount of declinadon, 
and wiiether tbehr occurrence is connected with the hour of 
the day. 

Sl« The cine of vibration of the horizontal needle is always 
inereaaed bj a distnrbanoe^ i. e. the force is leaiened; but even 
in this respect there are such flnctuattonsy especially soon 
after the beginning of a disturbance, that sometimes very 
asrali times o? vibration occur, though this is only of very short 
continuance. Tlie greatest change of this kind was observed 
on the 17th of January 18SR, when it amounted to nearly 
0"*3, the time of one vibration being 22'''3. In the greater 
disturbances it is son^ctimes the second or third day belbre 
tlie time of vibration returns to its previous value. 

22. During a disturbance the incliuaiion always seems to 
be greater, but it is subject to as great fluctuations as the 
oihcr elements. The greatest alteration which we observed 
was on the 2l8t of Febroary 1888, when it amounted to 
^ 45"; whereas the mean dinrnai alteration in this month is 
only 1' 6^*6. The dipping-needle usually returns to its or- 
dinary direction on the fbliowing day, but sometinies not for 
a fewda^ 

23. 1 he dbturbances likewise increase the times of vibra- 
tion of the dippuig^ieedle^ showing that their influence ex* 



0 



Digitized by Google 



i50 M. Knil'i Magiuik OUeraOiaiu. 



tends also to the total force. The neccllt? in o;ir inclina- 
toriiim completes one vibnuion in nearly 14 seconds: tluriiig 
the distui bailee of the 1 7Lh of Januaiy 1838, it underwent an 
alteration of 0"'074>. In February of the same year the mean 
of the obierved times of vibntloa fbr the month was 13^*8749 
bnt for the Slat day of the month it was iS*98jl« I need not 
remark how important it would be to eauunine sueh kindred 
phsBOomena as those of the atmosphere and anioras, with the 
same- exactness which is now applied to mi^etio investi- 
gation. 

I must mention one other phjenomenon which claimed our 
attention in n very l^igh degree, and which perhaps may 
deserve that oi other observers. 1 mean llie vertical oscilhi- 
tions which show themselves so uUen in the dipping-needle, 
and which also a{)pear to be connected with determinate laws. 
At least they are much more frecment in Noveiiibei and De- 
cember than at other seasons, and they occur most commonly 
in wet weather. For this reasim I do not thhik thatthey aan 
be awrtbed to a tremulous motion of the l)nihiin||^ from which 
tlie part of it which contains the apparatus is quite free. 
Neither can they be attributsd to the effect of currents of air, 
becauie they occur less frequently at tiie time of the equi- 
noctial gales and other storms than at the above-named 
times. Perhaps they arise from very weak shocks of earth- 
qnakc, which may be revenlcil to iis hv this highly sensitive 
apparatus, and whicli piohnlily nccin much more frequently 
than the more C(jiiMderable siiocks which are recognised by 
our senses, aiitl by uiher effects. At least the greatest vertical 
oscillations of the needle have almost always coincided witli 
considerable earthquakes, oitm having their seat io remote 
oo ontfi at. One striking instance of this kiod« aAsr we had 
experieneed other simiJiar ones^ occurred on the 2Srd of Ji^ 
nuaty IS88. Between 7^ SS"^ and 7^ 47** p.m., Milan mean 
time, the needle began to oscillate so strongly that its arc of 
vibration appeared^ by the vertical scale attachedi Io amount 
to 27 millimeters, or nearly 10 minutes of arc; there were no 
other indication^ of an earthquake of any kind. Twenty days 
arirr\\ ards tlie newspapers contained ncconnts of considerable 
daiiKM_rL caused by an earth(juake on the same evening at 
Bucliarest, Jassy, Odessa, and other places. Accordintr to 
th^e accounts the shock was felt at Jassy at 7"^ I--'", an«.i ul 
Odessa at 7'' 15"' Milan mean time, agreeing with the beginning 
of the phsenomenoo obaerfed by us. 

Milaa, Jao. 9, im. 
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XLV. Ohservaiions on the supposed Fomation cf inoT" 
game Elements during Fermentation. By Mr. J. Denham 
Suite** 

IN the October Number of last year's Phil. Mag., [present 
fieries> voU xv. p. 329] there appeared an abstract .of va- 
rious papers read at the meetings or the Royal Society, one of 
which, entitled Additional Experiments on the Formation 
of Alkaline and Earthy Bodies by chemical action when car- 
bonic acid is present, by Robert Rigg) Esq., F.R.S.", attracted 
my particular notice, from the novel and most extraordinary 
nature of the results announced in it. 

Although the Royal Society has always carefully disclaimed 
any parti cij>ation in, or support of, ihe theories and observa- 
tions brought before or published by it, yet the circuiiiat*ince 
of a paper being read to the iir^t learned society of these 
kingdoms, and the author of that paper a Fellow of the So- 
ciet^, gives weight and sanction to the observations adducedi 
This circumstance was one of the chief reasons which led 
me to make the following experiments on the subject of this 
novel formation of inorganic elements by catalytic action. 

I much re^^ret that in the abstract of the paper which ap- 
peared in this Magazine, no details of any of the experi- 
ments are given ; the substances used, the apparatus, and 
the results obtained, only being mentioned. It appears that 
** the author gives a detailed account of several experiments 
in \sliich sugar, water, and yeast only were employed, and 
frou) whici] he deduces the conclusion that alkaline and earthy 
matters are formed by chemical action, in one set ol experi- 
ments, some of which were made in silver, others in china, 
and others in glass apparatus, after the vinous fermeomcion 
had gone on during five days, the quantity of asiies obtained 
was, in the silver apparatus eighteenf in the china mneteen^ and 
in the glass f^Uen times greater than the previous quarUit^* 
A further examination of these ashes showed that they con- 
sisted of potash, soda» lime, and a residue not acted upon by. 

muriatic acid." 

Thus having no data of the respective quantities of sugar, 
water, and ye^ist Mr. iiigg us<^, 1 may not Imvc employed 
these substances in the proportions with ^vhich he cxperi- 
meiued } it liiis shuuUl be the case, I presuuie, however, that 
this circumstance will not in any way tend to vitiate the re- 
sulia I have obtained ; the question being whether inotganic 
matter is pniduced during vmous fermentation* 

• Comimmicntcd Iv, the Auiiior. 

f These seateuced arc aot priutcd iu italics in the original. 
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To satisfy n} self reflecting the correctness of Mr. Rigg*s 
statement that the quart till/ of inorgaiiic matter in a liquid is 
increased from Ji/teen to nineteen times w/iai cnrhonic acid is 
present^ I dissolved 1500 grs. ot the best n fiiK cl suf^ar in 
Ij pint of distilled water, and added 200 grains ot risen beer 
yeast, then thorouglily mixed them by agitation. This solu- 
tion was passed throiin;h fine cambric to separate any inso- 
iuble impmiiics ulnch the suluLioii contained, and divided 
into three exactly equal portions. Of these, two portiooa 
were respectively placed in German glass jars, and imm^ 
diately covered with unglazed paper covers ; the paper was 
of a close texturey ana was carenilly gummed down round 
the exterior of the jars, to prevent anv inor^nic matter, as 
dusty &c getting into the solutions* Ihese jars were placed 
in a warm situation in the laboratory, the temperature varying 
from 60° to 70° Fahrenheit^ and the fermentation allowed to 
proceed. The third portion was then put into a flask and boil- 
ed, occasionally adding pure nitric acid ; this acid left no stain 
when a portion was evaporated to dryness in a porcelain cap- 
sule; the flask was kept in an oblique pc^-it ion, lo prevent any of 
the liquid being ejected by the action ot tii«j nitric acid. During 
the ebullition of the liquid, nitrous acid luines were slowly 
loriutJ aiul the solution assumed a primrose yellow colour; 
numerous spherules of liquid were formed, apparently on the 
aurfiwe of the boiling fluid, and coursed about hither and 
thither with great velodtv, the larger spherules seeminffly at- 
tracting the nnaller; and when by this union the globule had 
attained about the size of a coriander seed, it disappeared, 
being again united to the bulk of the boiling solution. I ima- 
gine that this singular and interesting phenomenon is owing 
to small portions of the liquid being ejected from its bulk, by 
the rapid action of the nitric acid on the organic matter in 
the liquid ; and that these particles on again approaching the 
surface of the fluid, there meet with a stratum of nitric oxide 
gas or a mixture of this gas and slean), which prevents their 
contact with the subjacent liquid, and upon which stratum of 
vapour they float, until by the increase of size, and conse- 
quenily uf weight, the buoyant power of this sUatum ol gas 
or vapour is insufficient to prevent their coming into contact 
with the mass of the liquid, and that they then reunite with it^ 
dimppciuring instantaneously. 

Oxalus acid waa formed, and then decomj^ed by the con* 
tinued action of the nitric acid ; and the residue of the liauid, 
after evaporation to dryness in a platinum crucible, weigliing 
630*4 gniins, was ignited to redness in a gas furnace^ with 
the occasbnal addition of a few drops of nitric acid; an ash 
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of a light bn(F ooloiir ramained» weighing, with the cructlil^ 
6SI'97grs» —-680*4 n 1*57 gr. of inorganic matter contained 

in 500 m. of sujgar and 66*6 grs. of yeast before fenneuta* 
tioo. On ezominatton) this aui was found to consist of an 
alkaline carbonate^ traces of a chloride and of a sulphate, pho^ 
phates of lime and magnesia in large proportion^ and minnte 

traces of silica and oxide of iron. 

At tfie expiration of six day^, one of the portions which 
h:ul Qiulergone the vififuis fermentation, and which presented 
tlm agreeable odour accompanying this sta^e onerjiieriiation, 
was evaporated in a mode, and with precantions, exactly 
siinihir to the abuvt, ;iiid the same phienomena were ob- 
served during the opeiailon. The residual litjuiti evaporated 
to dryness in the platinum crucible weighing 630*38 gi a., and 
Ignited overages tamp to full redness as in the first experiment, 
imbrded an ash similar in appearance to the former, which 
with the crucible weighed 651*97 grs. — 6S0*38 as i«59 grs* 
of inorganic matter yielded by 500 grs. of sugar and 66*6 grs. 
ofyeast, after undergoing the vinous fermentation. This ash 
was similaily constituted with that obtained in the first in- 
stance. 

From these experiments we find that whilst 500 grs. of 

sugar and 66*6 grs. of yeast afford previous to fermenta- 
tion 1*57 grain of inorganic matter ; M hen fermented they 
give 1*59 fjr.. nn increase of gr., or of about ]| per cent.; 
an incro«i>e so trilling that I do not hesitate to refer it to an 
error ol i xp riment, and not to tiie tormation of inorganic 
elements liuring vinous fermentation, wliich Mi . Itigg asserts 
is tlieciise. 1 therefore conclude, contrary to the views dnter- 
taiDed by Mr, Rigg on this subject, that iheie is no formation 
of inorgome matter durit^ the progress of' vinous fermenta^ 

I am at a loss to offer any feasible explanation of the enor- 
moos increase of inorganic matter observed by Mr* Rigg ; 
the only mode by which this could have taken place» which 
at present occurs to me^ and that an unlikely one, is that su^ 
ficient precautions were not taken to prevent the introduction 
of foreign matters by securely covering the solutions of sugar 
and yenst wliilst fermentincr; nnd that a quantity of dust, the 
constant plague of a laboratory, became mixed with his solu- 
tion';, and thus le(i Mr. Rigg to suppose that the alkalies and 
eariha were absolutelv formed durinf; fermentation. I mav 
remark that the |)apcr covers with which my fermenting so- 
lutions were protected from the dust, were so thickly covered 
with it, that had the precaution of covering ihu solutions not 
been takeO) I must have obtained a very considerable incrcadt^ 
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in the weight of the ash after fermentatloiiy although I do not 
imagioe it would have been to the extent of fifteen to nine- 
teen times the weight of the ash previous to it. 
Duke Street, Liverpool* March 1840. 



XLVJ. Contributions to Electricity and Magnetim* No. Ill, 
on Elrctro-magnctic Induction, Joseph Henry, Z#L.X),, 
Pro f, of Natural Fhiloscphy in the College of New Jersey, 
Princeton, 

[Continued from p. 210.] 

Sbotiom llh'-^On the Induction ^ Secandasy CunmU ai a 

d$iiame» 

45. TN the experiments given in the two preceding sections, 
the conductor which ixccived tiie induction, was se- 
parated from that which transmitted the primaiy current by 
the thickness only of a pane of glass : but the action from this 
arranjeement was so energetic, Uiat I was naturally led to try 
the enect at a greater distance. 
46. For this purpose ooil No. 1 was formed into a ring of 



Fig. 4. 




a repmentt helix No. 4, 6 coil No. 1, in the form of a ring. 

about two ieet in dierncter, and helix No. 4 placed as is shown 
in the figure. When the helix was nt the distance of about 

sixteen inches from the middle of the plane of the ring, shocks 
could be perceived through the tongue, htkI these rapidly in- 
creased in intensity as the helix wns hiucred, and when it 
reached the plane of tiie ring liiey wen (juiU' severe. The 
efll'tl, however, wns htill greater wIru the lic lix was moved 
from the centre tu ilie inner civciinil< i cnce, as ai c: but when 
it WAi» placed wiiliout the ring, iu tuntact with die outer cir* 
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cnmlcrence, at hi the shocks were very slight; and when 
placed within, bu( its axis at right angiea to tbat of the ring^ 

not the least effect could be observed. 

47. With a little reflection, it will be evident that this ar- 
raii<i;cnicnt is not the most f:uoiirn!)le for exhibitin": the in- 
duction at a distance, since tiic sitic of liie ring, for example, 
at c, tends to produce a current revolving in one direction 
in the near side ot tiie helix, and another in an opposite di- 
rection in the furtlier side. The resulting ellect is therefore 
only the difference of the two^ and in the position as shown 
in the figure ; this difference must be very small» since the 
opposite sides of the helix are approximately at the same di- 
atance from c. Bat the difference of action on the two sides 
constantly increases as the helix is brought near the side 
of the ring, and becomes a maxininm when the two arc in 
the position of internal contact. A helix of larger diameter 
would therefore produce a irrcatcr effect. 

48. Coil No. I remaining as before, iielix No. 1, which is 
nine inches in diameter, was substituted for the small helix of 
the last experiment, and with this the effect at a distance was 
much increased. Wiien coil No. 2 was ailtled to coil No. ]y 
and the currents from two small batteries sent through these^ 
shocks were distinctly perceptible through the tongue, when 
the distance of the planes of the coils and the three hdicest 
united as one» was increased to thirty-six inches. 

49. The action at a distance was Still further increased by 
coiling the long wire of the lar^e spool into the form of a 
ring of four feet in diameter, and placing parallel to this an- 
other ring, formed of the four ribands of coils No, 1.2, 3 and 
4. When a current from a single battery of tliirty-live feet 
of zinc surface was passed through the riband conductor, 
shocks tlu'ongh tlie tongue were felt when liie rings were se- 
parated to ilie distance ni'four teej. As the conductors were 
^proximated, the shocks became more and more severe ; 
and when at the distance of twelve inches, tiicy could not be 
taken through the body. 

50. It may be stated in this connexion^ that the galvanic 
induction of magnetism in soft iron, in reference to distance 
is also surprisingly great. A cylinder of soft iron, two inches 
in diameter and one foot long, placed in the centre of the ring 
of copper riband, w ith the battery above mentioned^ be- 
comes strongly magnetic. 

51. I may perhaps be excused for nientioninjr in this com- 
munication th;U tlie induction at a distance ailords the means 
of exliibihiii^f some of the most astomsliing experiments, in the 
line oi j^hj/si^uc aimmanU^ to be iound peihaps in iht^ whuio 
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course of science. I will mention one which is somewhat 
connected witli the experiments to be described in the next 
section, and which exhibits tlie aciiuti in a striking manner. 
This consists in causin<r the iiKlucliun to take place through 
the partition wal! of two rooms. For this j)nr[)ose coil No. 1 
is suspended against the wall in one nxjin, while a person in 
the adjoining one receives tlie .shock, by grasping the handles 
oF the helix, and approaching it to the spot opposite to which 
the coll Is nispended* Tbe e&et b as if by magics wkfaovt 
a visible cause. It u-best produced through a dtoor, or dbin 
wooden partition. 

58. The action at a distance afibrds a simpk method of 
graduating the intensity of the shodt in the case of its appli- 
cation to medical purposes. The helix may be suspended by 
a string passing over a pulley, and then gradually lowered 
down towards the plane of the coil, until the shocks are of 
the requii ed ititcnslty. At tlie I'equest of a medical friptnl, I 
have Intel V administered the induced current rirecisclv in this 
way, in a case of paralysis of a part of the nerves of the face. 

53. I may also mention that the energetic action of the 
spiral conductors enables iis to imitate, in a very striking 
manner, the inductive operation of the magneto-electrical 
machine, by means of an uninterrupted galvanic current. 
For this purpose it is only necessary to armnge two coils to 
represent the two poles or a horseshoe msflnet* and to cause 
two helices to revolwe past them in a parallel plsne. While 
a constant current is passing through each coil^ in opposite 
directions, the eBect of the rotation of the helices is precisely 
the same as that of the revolving armature in the machine. 

54<. A remarkable fact should here be noted in relerence to 
helix No. 4, which is connected with a subsequent part of the 
investigation. This Iielix is formed of copper wire, the spires 
of which are insulated by a coating of cement instead of 
thread, ns in the case of the others. Afier being used in 
the above experiments, a snial! discharge from a Leyden jar 
was passed through it, and on applying it again to the coil, 
I was much surprised to find that scarcely any signs of a 
secoiulury current could be obtained. 

55. The discharge had destroyed the insulation in some 
part, but this was not sufficient to prevent the magoetiainff of 
a bar of iron introduced into the opening at the centre* The 
elSad appeared to be confined to the uMudife actioo. The 
same accident bad before happened to another coil of neariy 
the same kind. It was therefore noted as one of some im* 
portanee. An explanalhm was afterwnds foondin a peculiar 
•i»tMMi of tf» BarniMlarv cnmnL 
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Stcnov IV^--Ot» ihe Effects produced by irUerpoungdifirmi 
Suhtanea Utmem the Conductors* 

M« Sir H. Davy fotinil} in nagmtunng needles by an cleo» 
irtcal discharge, that the eftet tMk place through interposed 
plates of all substances, oondnetors and nonconductors 
The experiment which I ha^e given In paragraph 51 would 
appear to indicate that the inductive action which produces 
the secondary current might also follow the snme law. 

57. To test this the compound helix: was placed about five 
inches above coil No. 1» fig. 5, and a pkte of sheet iroQf about 



Fig. 5. 




a repravnUcolI No. 1, b bdix No. 1* and e an 
huafpcMcd plate of msii]* 

j\jth of an inch thicks interposed. With this ariangemeaC 
no shocks could be obtained; altlioagh» when the ^late was 
withdrawn, they were very intense. 
58. It was at first thought that dus efoit might be^ pe* 

culiar to the ironi on account of its temporary magnetism; 

but this iden wns shown to be erroneous hv siibstitutinj^ a 
plate ot /iiic of" about tlie same size and lliickiiess. With this 
tlic screening iuHuence was exhibited as before. 

69. Atki tills a variety of substances was interposed in 
succession, namely, copper, lead, mercury, acid, water, \\ ood, 
^lass, &c. : and it was fuund that all the perfect conductors, 
buch as the metals, produced the scieeiiing influence ; but 
nonconductors, as glass, wood, &c. appeared to have no effect 
whatever. 

00* When the helix was separatsd firom the coO by a di- 
stance onlv equal to the thicknefls of the plate^ a sliffht sen* 
sntion could be perceived even when the zinc of of an 
inch in thickness was inteipfKied. This efiect was increased 
by increasing the quantity of the battery current. If the 
thickness of the plate was diminished) the induction through 

• PUIoMpUoa tVuMselioai, im. for ML Mag., Ftnt Sttrn, vol. 
Fhik Mag* S. 9, Vol ia« No. lOS. April 18i0. S 
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it became more intense* Thos a sheet of tfofbil interposed 
produced no perceptible influence ; also lour sheets of the 
same were attended with the same result A certain thick- 
ness of metal is therefore required to produce the screening 
effect^ and this thickness depends on the quantity of the cur- 
rent from the battery. 

61. The idea occurred to me that the screening might, in 
some wny, be connected with an instantaneous current in the 
plate, similar to that in the induction by mnrrnetic rotation, 
discovered by M. Arago. The ingenious variation of this 
principle by Messrs. Babbage and Herschel, furnished me 
with a simple method of determining this point. 

62. A circular plate of lead was mterposed, which caused 
the induction in the helix almost entirely to disappear. A 
slip of Uie metal was then cut out in the direction of a radius 
of the circle, as is shown in fig. 6. With the plate in thb 
condition, no screening was produced; the p. . 
shocks were as intense as if the metal were 




not present. 

63. This experiment however U not en- 
tirely satisfactory, since the action might liave ^ 

taken pliica throuf^h the onenin«^ of the ^ „ 

, , ' , , , , . . ' ^. , a represents a leod 

lead ; to obviate this objection, anotiicr piate piate, of which the 
was cut in the same manner, and the two in- sector b is cut out. 
terposed with a glass j)late between them,'and 
so arranged that the opening in the one might be cotered 
by the continuous part of the other. StOl shocks were ob- 
tained with undininished intensity. 

64. - But the exbtence of a current in the interposed oon* 
ductor WIS rendered certain by attaching the magnetizing 
spiral by means of two wires to the edge of the opening in 
the circular plate, as is shown in fig. 7. By this arrangement 
the latent current was drawn 

out, and its direction obtained Fig. 7. 

by ihe polarity of a needle 
placed in the spiral at b. 

65. This current was a se- 
condary one, and its direction, 

in conformity with the dia- « repreteatia lciidplBli^^tlieiiiag- 
coveTy of Dr. Faraday, was n«ii*liif ipifd. 
finind to be the same as tiiat of the primary current. 

66. That the screening influence is in some way produc^ 
by the neutralizing action of the current thus obtained, will 
be dear, from the following experiment. The plate of zinc 
before mentioned, which is nearly twice the diameter of the 
heliXf instead of being placed between the conUnctorsy wni 
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pot on the top of the helixy and in this positioD» although tho 
antralinrion was not as perfect as before, yet a great redao* 
tion was obwvfd in the intensity of the shock. 

67. But here a very interesting and puzzling question oo* 

curs. How floes it happen that two currents, both in the 
same direction, can neuiiali/e each other? I was at first dis- 
posed to consider the plia iioiiieiioii as a case of real electrical 
ifiterleience, in which tlie inii)ijl^cs succeed each other by 
some regular interval. But li thi^ were true the eflfi?ct should 
depend on t!ie length asui other conditions of the current in 
the interposed conductor. la order to investigate this^ several 
mqdificatioDa of the experiments were instituted. 

Fiiet a flat eoU (Na S) was intefposed initead of the 
platee. l^hen the two ends of this were iepenited» the shobkt 
wen leetiTed aa if the ooil were not pretent; hot when the 
ends were joined, so as to form a perfect metallic circuit, no 
shocks eonld be obtained* The neutralization with the ooil 
in this expenment was even more perfect than with the plate. 

69. Again, coil No. 2, in the form of a ring, was placed not 
between the conductors, but around the helix. With this 
disposition of the apparatus, and the ends of the coil joined, 
the sirotks were scarcely perceptible; but when the eods were 
separated, the presence the coil has no effect. 

70. Also when helix No, 1 and 2 were together submitted 
to the influence of coil \u. i, tiie ends of the ooe being joloedy 
the other gave no hlioek. 

71. The experiments were further varied by placing helix 
Nbb 9 withhi a hollow cyVsiAw of sheet hm^ and this agam 
within ooil No» < In a enanner tlmilar to that shown in Ag. 1% 
whiob is tntsnded to illnstiate another experiment In this 
amngement the neotraliiing action was aithibitedy as in the 
case of the plate. 

7S. A hollow cylinder of iron was next substituted for the 
onoof bras8» and with this also no shocks could be obtained. 

73. From these experiments it is evident that the neutrali" 
zation takes place with currents in the interposed or adjoining 
OOIiductors of all lengths and interisittos, and therefore can- 
not, as it appears to me» be referred to the interference of two 
systems of vibrations. 

74. This part of the investi^'ation wn<, for a time, given 
ij]> almost in despair, antl it v as not until new liglit had been 
obtained from another part ol the uiquirj', that any iui ther 
advances could be made towards a solution of the mystery* 

75. Before proceeding to the next section, I may hern 
state that the phmmmenon neotioned, paragraph 54, in re* 
tmacm to heUs Ko« 4^ is oonncelsd with the nentralizing uo» 
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tion. The electrical discharge having destroyed the insulation 

at some point, n pnrt of the spires would thus form a shut 
circuit, and the iiuluctioii in this would counteract the ac- 
tion in tile otlicr pnrt of the helix ; or, in other words, the 
helix was in the same condition as tlie two helices mentioned 
in paragraph 70, wiiea the ends of the wire of one were 
joined. 

76. Also the setne principle appears to have an important 
bearing on the improYenient of tne magneto^etectrioal ma- 
chine; since the plates of metal which sometimes form the 
ends of the spool containing the wirey must necessarily di- 
minish the acdon, and also from experiment of paragraph 
72 the armature itself may circulate a closed current which 
will interfere with the intensity of the induction in the sur- 
ruantliiig wire. I am inclined to believe tluit the incrcnsed 
eftect observed by Sturgeon and Callantl, when a bundle of 
wire is substituted for a solid piece of iron, is at least in part 
due to the interruption of these currents. I hope to resume 
this part of the subject, in connexioii with several other points, 
in another communication to the Society. 

77. The results given in this section may, at first sight, 
be thought at variance with the statements of Sir H. Davy^ 
that needles conld be magnetized by an electrical dischaige 
with conductors |^nterposed. But from his method of per* 
Ibrming the experiment, it is evident that the plate of metal 
was placed between a straight conductor ana the needle. 
The arrangement was therefore similar to the interrupted 
circuit in the experiment with the cut plato f62.), which pro- 
duces no screenin^r t il'tjct. Had the plate been curved into 
the form of a hollow cylinder, with the two t^nds in contact, 
and the needle placed within this, the effect would have been 
otherwise. 

Sbgtion V« — On the Prodtiction and Properties of induced 
Currents qftke mrd, Fourlk^ and Fifth Order. 

78. The fact of the perfect neutralisation of the primary 
current by a secondary, in the interj^oscd conductoTy led me 
to conclude that if the latter could be drawn out, or separated 

from the influence of the former, it would itself be capable of 
producing a new induced current in n third conductor. 

79. 'l lic arrangement exhibited in fig. 8 furnishes a ready 
means oi testing this. The primary current, as usual, is 
passed through coil No. 1, while coil No. 2 is placed over this 
to leceive the iiiciuclion with its ends joined to those of coil 
No. 3. By this disposition tlie secondary current passes 
through No. S; and since this is at a distance^ and without 
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a coil No. 1, b coil No. 2, c coU No. 3; helix No. 1. 



the influence of the primary, its separate induction will be 
fendmd manilesl by the effects on helix No. I. When the 
bandies a, h arc grasped a powerful shock is receivedf pro- 
ving the induction of a tertiary current. 

80. By a similar but more extended nrrangemcnt, as shown 
in fig. 9, shocks were received from currents of a fourth and 
fiiiii order; and with u more powerful primary current, and 
additional coils, a siiii greater number of successive induc- 
tions might be obtained. 

81. Tlie iiRlucLiun of currents of different orders, of suffi- 
cient intensity to give bhocks, could scarcely have been anti- 
cipated £rom our previous knowledge of the subject The se- 
condare current consists, as it were, of a single wave of the 
oaturaf electricity of the wire^ disturbed but for an instant by 
the induction of the primary ; vet this has the power of in- 
ducing another current, but littfe inferior in energy to itself 
and thus produces effects apparently much greater in propor- 
tion to the quantity of electricity in motion than the prinuury 
current 

82. Some difference mny be conceived to cxi<^t in the ac- 
tion of the induced ciuTents, and that i'vom the battery, since 
they are apjtarciitly different in nnture; die one consisting, 
as we may sn})[io3C, of a single iuipnlse ; tuul the oiher of a 
succebbiun of such impulses, or a coiuinuous acticni. It was 
therefore important to investigate the properties of iIiunc cur- 
rents, and to eoiiii)are the results with those belore obtaiiKtl. 

83. First, iu reference to the intensity, it was found that 
with the small battery a shock could be given from the cur- 
rent of tbe third order to twenty- five persona Joining hands ; 
also diocks perceptible in the arms were obtained from a cur* 
nnt of the nfth otdci* 

Si. The action at a distance was also much greater than 
coold have been anticipated. In one experiment shocks from 
tiM ttrtiaijr cvmnfc wen distinctiy felt thron|^ tha tongue^ 
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when helix No. 1 was at the distance of eighteen inches above 

the coil transmitting the secondary current. 

85. The same screening effects were produced by the in- 
terposition of plates of metal between the conductors of the 
different orders, as those which have been described in re- 
ference to the primary and secondary currents. 

86. Also when the long helix is placed over a secondary 
current generated in a short coil, and which is therefore^ as 
we have Defbra shown, one of quantity, a terdary current of 
intensity is produced* 

87. Againi when the intensity current of the last expert* 
ment is passed through a second helix» and anotlier coil is 
placed over this, a quantity current b again produced. There-' 
fore in the case of these currents, as in that of the primary, a 
qunnfifi/ current can he induced from one of infensifj/, and the 
converse. By the arrangement of the apparatus as shown in 
fig. 9, these different results ore exhibited nt once. The in- 
duction from coil No. S to helix No. 1 protUites an iiUeiisity 
current, and from helix Na 2 to coil No. 4 a quantity cur- 
rent. 

Fig. 




• ooil No. 1, »coilN4i.0, ireoilNo.a^ tfkilixNo. 1, fhelix 
No. S sad 3f / coil No. 4^ sad g m^gnetiiiog ipinl. 



88. If the ends of coil No. 2, as in the arrangement of fig. 

8, be united to helix No. 1 instead of coil No. 3, no shocKS 
can be obtained : the (juai)tity cu: l ent of coil No. 2 appears 
not to be of sufhcient intensity to pass through the wire of 
the long helix. 

89. Also, no shocks can be obtained ti om the handles at- 
tached to helix No. 2, in the arrangenieut cxiiibiled m fig. 10. 
In this case the quantity of electricity in the current from the 
helix appears to be too small to produce any effect, unless iU 
power is multiplied by passing it through a conductor of 
many ^ires* 

90. f he next inquiry was in reference to the direction of 
these currents, and this appeared important in connexion 
with the nature of the action. The experiments of Dr. Fa- 
raday would render it probable» that at the beginning and 
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a coil No. % 6 h«lix No* J, c coU No. % aod d helix No. 

oidioj; of the secondary correnty its indactlon on an adjacent 
wire 18 in contrary directions, as is shown to be the case in 
the primary current But the whole action of a secondary 
current Is so instantaneous that the inductive effects at tlie 
beginning and ending cannot be disttngitished from each 
otlier, and we can only observe a single impulse, which, how- 
ever, may be considered as the difference of two impulses in 
opposite directions. 

91. The first experiment happened to be made with a cur- 
rent of the fourth order. The magnetizing spiral (11.) was 
attaclietl to the ends of coil No. 4, fig. 9, and by the polarity 
of the needle it was found that this current was in the same 
direction with the secondary and primary currents*. By a 
too hasty generalizationy I was led to conclude^ from this ex- 
periment, that the currents of all orders are in the same di- 
rection as that of the battery current, and I was the more 
confirmed in this from the results of my first experiments on 
the currents of ordinary electricity. The conclusion, how- 
ever, caused me much useless labour and perplexityy and 
was afterwards proved to be erroneous. 

92. By a careful repetition of the hist experiment, in re- 
ference to each current, the important fact was tlibcovered, 
that there exhts tin iltcniatiuii lu the direction of the currents 
^ the several orders commencing with the secondary. This 
result was so extraordinary, that it was thonght necessary to 
establuh it by a variety of experiments* For this purpose 
the direction was determined by decomposition^ and also by 
the galvanometer, but the result was still the same \ and at 
^this stage of the inquiry I was compelied to the conclusion 

that the directions of the sereral currents were as follows: 

Primary current + 

Secondary current + 

* It fhould bo reoollected that all tlio inductioiif wbieh have btoa men- 
tioned were produced at the moment of breiiklug the drcuit of the battery 
current. The imlnction at ths formatioa of the current it too feeble to 
produce the effecu described. 
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Current of the third order • • • « 
Current of the fourth order « • • 4- 
Current of the fifth order . . . . — 

93. In the first glance at the above tabic, we are struck 
^vit}l the fact tlint the law of alternation is coinj^Ietc, except be- 
tween the primary and secondary currents, and it appeared 
that this exception niigiit possibly be connected with the in- 
duced current which takes place in the first coil itself, and 
which gives rise to ilie pha;nuniena of the spiral conductor. 
If this diould be found to be minus^ we might consider it as 
existing lietween the prinuury end seoonderyi and the ancRnely 
would thus diseppeer* Arrangements were therefore made 
to fully satisfy myself on this point* For this purpose the 
deoompoeition of dilute acid and the use of the ^pdvanomeler 
were resorted to» by placing the apparatus between the ends 
of a cross wire attached to the extremities of the coil, as in 
the arranj^ement described by Dr. Faraday (ninth series): 
but all the results persisted in giving a direction to this cur- 
rent the same as stated by Dr. Faraday, namely, that of the 
primary cui i cut. I was therefore obliged to abandon the 
supposition that the anomaly in the change ui the cunenl is 
connected with the induction of the battery current on itselC 

94. Whatever may be the nature or causes of these dianges 
in the direction* they offer a ready explanation of the neutral- 
izing action of the plate interposed between two ooDductor% 
since a secondary current is mduced in the plate ; and al- 
though the action of this, as has been shown, is in the same 
direction as the current from the battery, yet it tends to in* 
duce n current in the adjacent conducting matter of a con- 
trary direction. The same explanation is also applicable to 
all tlie other cases ol neutralization, even to ilio^e which take 
place between the conductors of the several orders of cur- . 
rents. 

95. The same principle explains some effects noted in re- 
fimoce to the induction of a current itsdC If a flat eoil 
be connected with tiie battery, of course sparks will lie pro* 
duoed by the induction, at each rupcnre of the circuit. But 
if in this condition another flat coil, with its ends ioined, be 

S laced on the first coil, the intensity of the shock is much 
iminished, and when the several spn*es of tlie two coils are 
mutually interpo^.ed I>y winding the two ribands togetlicr into 
one coil, the sparks entirely disappear in the coil transmitting 
the battery current, when the ends of the other are joined. 
To understand this, it is only necessary to mention tliat the 
induced current in the first coil is a true secoiulary current, 
4Liiii it id ihercloic ueutraliacd by the uciiun ui ilie becuudary 
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in the adjoining conductor ; since this tends to produce a 

current in the opposite direction. 

96. It would also appear from the perfect neutralization 
which ensues in the arrangement of the last paragraph, that 
the induced current in the ad joining conductor is more power- 
ful than that of the first conductor; and we can easily see 
how this may be. The two ends of the second coil are joined, 
and it thus forms a perfect metallic circuit; while ihe ciiciiit 
of the other coil may be considered as partially interrupted, 
since to render the spark visible the electricity must be pro- 
jected} as it were, through a small distance of air. 

97. We would also infer that two contiguous secondary 
currents^ produced by the same induction, would partially 
counteract each other. Moving in the same direction, they 
would each tend to induce a current in the other of an op- 
posite direction. This is illustrated by the following ex- 
periment: helix No. 1 and 2 were placed together, but not 
united, above coil No. 1, so tliat they each miglit receive the 
induction ; the larger was then gradually removed lu a greater 
distaiice from the coil, until the iiUenbiLy of the shock from 
each was about the same. When the ends of the two were 
united, so that the shock wonld pass through the bod^ from 
the two together, the effect was apparently less than with one 
helix alone. The result, however, was not as satisfactory as 
in the case of the other experiments ; a slight difference in 
the intensity of two shocks could not be appreciated with 
perfect certainty. 

[To be eontiDuecl] 



XLVII. On the Natural Products which oiiginate from the ac» 
Hon of theJimosphere on Iron Pyrites, By Th. Screerbii*. 

¥T is a well-known fact, that'iron pyrites, in the finely divided 
state in which it occurs in alum slates, is easily oxidized by 
the atmospiiere, causing the parts exposed to acquire a reddish 
brown colour ; nevertheless, the products ol this decomposi- 
tion are seldom to be found, from the rain washing them away. 
Li a spot near jVIudum in Norway, I met with a cavity in the 
mountains where the^ were deposited as incrustations, safe 
from all destructive influences. Three distuict layers were 
evident. 

The first and upper layer is a dark brown massive mineral 
with which the slate is impregnated : A. 

* An extract obligingly comniunicntctl by the author from the original 
paper publiftheU m l^oggendorff's Aimaien, vol. xlv. p. 188. 
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The second layer forms a %ht yellow mass distinctly sepa- 
rated from the first, and forming incrustations similar to tboM 
which occur in (doloinitic) limestone caverns: B. 

Tho third 18 clothed withalayer of small white crystait t C* 

The atiaiy^ of A gave : 

80'73 peroxide of iron 
6*00 sulphuric acid 
13*57 water 



100-30 

which corresponds to a combination of 1 4 ntonis of peroxide 
of iron, 2 atoms of sulphuric acid, aod %l aUMOft ot water^ 
which is expressed by the tbrmulap 

2 4- 21 H J 

or, 

S (Fe S»+ SO Fe) + «S ft 

according to the nuuioer in widdi the formula it written. This 
]ron*8alt may be called, afWr the nomepclaiure of Benelius» 
the twenty-fold basic sulphate of the peroxide of iroo; it ie 
the most baste salt as yet known. The oxygen of the codde 
amounts to the double of tliat in the water* It is pevftctly 
insoluble in water. 
Two aoAlyses of the gubituioe B gave the following viiulle i 

1 2 

49*37 49*89 peroxide of iron 

32-42 32*47 sulphuric acid 

5*03 5*37 soda 

13*18 13*09 water 



99*95 100-82 

The soda waa found in both analyses to contain • email quan* 
tity of potash) which, however, la of no i mp o r t an ce for tbe 
formulai which may be thus eaprmeedf 

4FeS^NS + 9H; 

namely 4 atoms of peroxide of iron, 5 atoms of sulphuric 
add, 1 atom of soda» and 9 atoms of water. 

The substance C was found to be pure gypsum. 

In explaining the commencement and continuation of thb 
proceifB, it most be supposed that the sulphate of the protox- 
ide of iron was at first formed by the oxidation of the iron 
pyrites; this became gradually 0Kidiaad» aad waa dtppeiiad 
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at the first brown layer of the salt A described. Yet the de- 
position of this basic iron-salt niiisi Imve happened under sin- 
gular cii cLimstances, for it is a well-known tact that a sohition 
onion-vitriol, oxidizetl by the atmosphere, is piecipilaLed as 
a five-fold basic salt, li likewbe difficult to explain how 
the yellofr layer conUining alkali mddinly sucoiedea the dark- 
brown} it may indeed be supposed, that at the tiommenoement 
of this decomposition of the iron pyrites the alum-slate re- 
sisted for some time all action, until it was attacked, and its 
alkali dissolved by the sulphuric acid, which commenced the 
formation of a new salt. But if this mode of explanation has 
much appearance of probability, the sudden cessation of the 
one product of decomposition, ntid the commencement of the 
second, is a strange fact. 1 liaL the gypsum, as the more 
easily soluble substance, is Ibmid on the inferior part of the 
celling of the cavern is, on the other hand, easily conceived. 
The hme in it undoubtedly acted no unimportant pan at the 
depositicMi of the iron salts described, aiding in their precipi- 
tation by sstarathig the acid. 



XLVIII. Experiments and Observations on Light which has 
prrmeated coloured Mcdia^ njtd on the Chemical Action of 
ike &oiar Spectrum. Bif Kobeut Hunt.* 

1^ OAY-LUSSAC, when speaking of the beantiftil dis- 
oovety of M. Daguerre, said, " The palette of the 
fHunter is not very rich in colour, black and white compose 
the whole. The image in its natural and varied colours may 
remain long, perhaps for ever, a thing hidden from human 
sagacity t 

However, the production of a coloured picture of the 
spectrum by Sir John Herschel, and some effects prothiccd 
by Mr. Talbot, together with some delicate tinliug wliicli I 
observed, when, during the summer of 1839, I was engaged 
Ineopyuig some flowers of Nature's richest painting, led me 
to thmk loured photographs within the range of probabi- 
lities, and induced me to pursue 9L train of experiments from 
which, although little has resulted to heighten mv first hopes, 
I have gathered much that is curious and certamly instructs 
ive. 

Photographic Papers. 
1. By saturating paper with di£ferent chlorides and mu- 

• * Communicated by the Author. 

t ** Itie Hittoiyand Practice of Photogenic Drawing, Ac, by L*Jk M. 
IHgastfe. ThuMtatedbyjr.aifiBSi^LLJ).*' 
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rates, always keqsing in view the definite proportion le- 
qiiired for the quantity of the nitrate of silver used ; it will be 

found that almost every variety of shade, from a rich dark 
purple tu a luii redf and a few other tints, may Ise produced 
at pleasure. 

2. The effects of light, passing through coloured glasses 
on various papers, are singularly diversified. The following 
are a few of tlie most striking results. (The glasses arc. a 
deep cobalt blue, a full laurel green, an amber yellow, and a 
ncfa orange red. They are so framed that all the papers can 
be expoiw «t ^ Mune time to the soHnr mfloenee.) 



Colour of Glass, 
Blue, Green. Yellow. Red, 



Salt used. 


£fiects produced. 


a. Chlor. of Kodium. 

b. Clilor.ofpotassa. 

c Muriate of lime. 

d. Muriate of iron. 

e. Mur. of peroxide 

/. Mur. of baryta ... 
g» Muriate of man- 

h, Mur. of aniiMNiiB 


Purple. 
Light j^fple. 
Rich violet. 
Hed. 

Blue. 

Purple red. 

liich browu. 
Olifobfown. 


Blue. Violet. 
Sk^'blue. Light violet. 
Faint blue. Blue. 
Colourleff. Faiutred. 

Yellowish. Straw color. 
Lilac* Chocolate. 

Reddish, i Rose hue* 
iFniebramij Browu. 


Chocolate. 
Tinted red. 

Leaden hue. 

Yellow browl 
Pink, 

Yellow. 
Dull orange. 



3. I have found but a tuiKlilu d action from the interference 
ol culuuiLd fluids. In a few iii^alaijces, under a solution of 
carmine in ammonia, 1 hiivc obtained the richest crimson dyei 
Lul 1 cannot, by any' means I have used, succeed in fixing 
the odour on the paper. 

4. A paper prepared, by first washing it with « solution of 
twel?e grains of the iodide of potassinm in one ounoe of 
water» and then with a solutioa of ten grains of the crjrstalliaed 
nitrate of sUver in the same quantity of fluid^ is ver^ sensitive. 
When exposed beneath a solntioo of the ammonia^salphate 
of copper to sanshinoy it cbaiuras to a rich ligU Hue. Acetate 
of copper prodnocs a Apvnvn. Muriate of the peroxide of iron 
imparts a green iitige, and solutions of carmine a brown red. 

5. Tlie papery becomes m/, when acted on by rays pass- 
ing ibruugh nitrous acid gas, and is lin^fcd yellow^ by the ii^'lit 
which has been subjected to the interlerence of chlorine aud 
its protoxide. 

6. To have as full a volume as possible of iodine and bro- 
mine vaj)c)iii , cLii efully closed vebbcU containing a small por- 
liou ol ihcbe boilies, were placed upon a plate of copper 
warmed by water. 

The paper h was hid beneath them, and esposed to Inim- 
nottsiDnac&ce. Under the bromine it was unchanged, bat 
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beneath the iodine the paper became richly iridefioent. The 
colours changed to a uniforin vidlet tint opon a few minute*' 
exposure to oirect sunshine* 

7. Papers already darkened hy sunlight during prolonged 
exposure to the influence of the dissevered rays of the spec- 
trum, assume a variety of colours. The sainc changes may 
be ^fected by carefully arranging glasses, and placing the 
photographic preparations beneaw them. I shall copy exi- 
acUy uie memoranda of my joumaU 

Dec. 12, 1839. —I placed under blue^ green, ydlow, and 
red glass the following papers : 

A. Mitriate of ammonia^ with two washings of solution of 
the nitrate of silver, darkened by exposure to a rich chocolate. 

B. Mttriate of manganese^ Silver, two washing% dark- 
ened to a full brown. 

C. Iodide oj potassium. Silver, one washing, darkened 
to a yellow brown, 

U. iodide of imlcmium aucl hilvci, two washings, dark- 
ened to a red brown. 

£. Ckkniodie add. Silver two washings, darkened to a 
rich bronze. 

F. Chloriodic acid with Liquor poiimtB, Silver, two wash- 
ings, darkened to a blue-brown. 

Dec IS. — After twelve hours exposure to the dull light of 
rainy weather, the paper E has become blue under the blue 
glass. No change is apparent on the others. 

Dec 27. Colours Glass. 

Bhe, Omen* TeUow. Red* 



A. hMbecoone 

• • • ■ • • 

Or* • • • • • • 

Oi 

B« ««• 

.P« * • • • 



Olive. 

Deep brown. 
Do. 

Black. 
Blue black. 
Black brown 



Dcc[i ::rccn i Dirtv yellow.l Red. 



Biue brown. 
No change. 
Rich brown. 
Darkened. 

Bluisli. 



Red. 
Red brown. 
Brick red. 
Dusky red. 

Reddened. 



Bat colour. 
Darkened. 
Light brovrn. 
Darkened. 

Dull plum, 

Jan. 1840. — All tlnj j^apers go on increasing the distinct- 
ness oi their colours, except E and which have assumed 
different shades of blackness. 

(E and F 'o^e removed^ and a i)aper G, prepared with 
muriate of baryta and two washings of silver, dark ened to a 
ehocdate, substituted,) 



Feb. 7. 



A. 
B. 

C. 
D. 



Blue. 
Rich olive. 

Black. 

Do. 
Chocolate. 



Colours oj Glass, 

Green, Yellow, 



Ghreen. 

Chorolnte. 
Red brown. 
Umber brown. 
Bfight ollre.) Yellow brown. 



Yellow. 
Ligkt brown. 

Do. 
Black. 
pRleoUTe. 



ned. 
Purple. 
Red. 
Brown* 
Red brawD. 
Rsddiih. 
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The two papers A and G exhibit much more sensitive- 
ness to liiminons influence than any others 1 have yet tried. 

8. The j)aper A, Nvlien washed w iili a weak solution of 
the hydriodate of baryta, gives under the pencil of light a 
beautiful picture, whether used in the camera or for sui lacc 
drawings. 

These pieturei exhibit the peculiarities mentioned by Mr. 
Talbot at die British Anooiation*. Sunshine changes the 
oolour of the object ddineated from reddish to black with 
great rapidity." This Mitieroan adds^ after which no 
hirther change occurs.** I much regret I have not been for- 
tunate enough to succeed thus far in fixing my drawings. 
The continued influence of light in a lew months obliterates 

the impression. 

A singular change Ibliows the exposures of these pictures 
to coloured light. 

It |)laced under vessels containing coloured fluids (4.) and 
exposed eithei to sunshine or to difi'used light, in a few days 
the picture becomes a full r€d under the blue; a ro99 kue un- 
der the green ; a light tlue under the yellow, and a deep htue 
under the red. These colours after deepening for some time 
gradually change to different shades of green under the blue 
and green 6uids, to a pink under the yeOow, and a rm/ under 
the red fluid (25.). After this, the colours alter no more, and 
the picture bears exposure to light much better than at first; 
but I doubt if it is rendered perfectly permanent, for the dull 
light of January and February has spread a dovviiiness, like a 
mist, over those photographs which have been constantly ex- 
posed. 

Daguc! rcotypcs. 

9. Exposing a plate, over which some In re was carefully 
placed, under iuur coloured glasses (2.) for three niinules to 
diffused light, I obtained, under the blue glass a beautiful 
copy ; no trace of a drawing beneath the green ; a tolerabla 
impression beneath the yelkw; but the mercury would not 
attack the space beneath the red. 

10. A plate similarly arranged beneath four bottles of co- 
loured fluid (4*) exposed to dmused light for fifteen minutes^ 
was found on \mng acted upon by tlie mercurial vapour to 
present the same appearance as above (9.), excepting tliat a 
faint design was evident over the space the carmine fluid had 
covered. 

11. I arranged a dark chamber, to which no other rays 
could pass but such as had permeated two inches oi co^ 
loured fluid. 

* Atbenieuo], No. 
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Having fiUed my trough with a saturated solution of the 
bichromate of potassa, I exposed a plate for five mfnuteg to 
its mflttenca in full amuihine. Thire wn not the sli^htea ae^ 
Hon. 

12. In one hour on a similar plate, under the same circum- 
ttenoesy I obtained a faint, but still defined outline of a dried 
fern. 

13. I exposed ii bare iodiduted plate for two hours to the 
snnie influence. On reniovinir it from the chamber no dif- 
I'erence was apparent; l)iit i tound it was no longei' sensitive 
to light, and tiie iodide adhered more ciokcly lo the metal 
than it did (28.). 

This is a reverse action, for aAer the exposure of a pre- 
pared daguerreotype plate to ligbt^ the seDsitive film is most 
easily nibbed off* (28.). 

14. Red solutions impart a venr daeided rosa hue^ or mora 
strietly spaafciag the inflttenoe of red light on the iodidated 
plate occasions that peculiar arrangement of the mercurial 
partidesy which ia neosssary to the production of red €o> 
four. 

15. Gi'een solutions act with more or less effect in ob- 
structing the passage ol the so-called clieniical rays accortimg 
to their deptii of colour. But in no instance have I tound 
them to produce that close combinatioii, which the yellow 
and iiuiiieiiiues the red iluids do, of the iociide and the un- 
der surface of unattacked silver (28.}- By examining the 
effects pradaoed by green media (2, ?> 16.) a peculiar order 
of ioterferanoe will remarked (19.)* 

Germination and the growth qf Plants^ 

16. I planted in a box some curled cress seed, and so ar- 
ranged bottles of carmine fluid, chromate of potassa, acetate 
of copper, and the ammonia sulphate, that al! but n small 
spoce of the earth was exposed to which had permeatisd 

three-fourths of an inch of the&e nieclia. 

For some days tlu- oniy apparent clillereiice was that the earth 
continued cianip under the green and blue fluids, whereas it 
rapidly dried under the red and yellow. The plumula burst 

* On this principle I now polish niy silvered plates, by whrcli the trou- 
blesome proce&s with nitric acid and pumice is got rid of. I wash the Mir- 
face of dhrw over with ■ •oUrtion«r the iodUk of pottuMm boldiiNra 
little iodine free, and rub it lightly until all the parts are e<|ually attacked. 
1 then expose the plate to lipht for a few minutes, and pohsh off with dry 
cotton, in fire minutes bv this process the most perfect lustre may be 
gim to the rflver* and it nas the advantage of rendarii^ die plate SMre 
•Hiosptible to the iaiaeiMe of the iodioe fapour. 
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tlie cuticle in the blue and green lights^ beiuie an^ change 
was evident in the otlier parts. 

After ten dajs, under the blue fluid there was a crop (if 
cressi of as bright a green as any which grew in full lighff and 
Jbr more eAunmuit, 

The crop was scanty under the green fluid and of a pale 
unhealthy colour (15.). 

Under the yellow solution but two or three plants appeared, 
yet they were less pale than those which liad grown in green 
lighu Beneath the red bottle the number of plants which 
crew was also small, although rather more than in the spot 
Uie yellow covered. They too were of an nnbcalthy colour. 

17. 1 now reversed the order ui die bouiei, iixing the 
red in the place of the blue, and the yellow in that of the 
green. After a few days' exposure the healthy cress appeared 
blighted, while a few more unhealthy plants began to show 
themselves, from the influence of the blue ray8» in the ^)0t 
originally subjected to the red. 

It is evident from this that the red and yellow rays not 
merely retard germination, but positively destroy the vital 
principle in the seed. Prolonged exposure imcovered, witli 
genial warmth, free nir, an l indeed all that can ioducegrowthy 
fails to revive the bliglited vegetation. 

I have repeated tlie experiment many times, varying the 
fluids, but the results have been the same. At Uiis time I have 
the above facts strikingly exemplified where tlie space co> 
vered by the bichromate of potassa is without a plant. 

These results merit the attention of those who are engaged 
in the study of vegetable oeconomy. Do they not point at a 

{)rocess by which the productions of climes more redolent of 
ight than ours may oe brought in this island to dieir native 
perfection ? 

Dr. Drnper's *' experiments" (Philosophical Mngazinc^ 
Feb. 184U, pres. vol. p. 81) appear at variance with mine. 

Under the infli?ence of a nearly tropical sun permeating 
half an inch of solution of the bichromate of potassa, cress 
grew of a green colour, whilst it took five days to give a sen- 
sitive paper a faint yellow green colour. From this Professor 
Draper argues the existence of two classes of rays» a different 
class being necessary to produce the green colouring of vege- 
table foliage from that which darkens chloride of silver. 

With submission to one whose fecilittes for such inquiries 
are so much greater than my own, I would suggest a repe- 
tition of the experiments wiUi some of the recently discovered 
photographic preparadons. The papers /"and both tmder 
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coloured glaas and greiit thicknesses of yellow fluid are deep» 

ened to a plum-brown in less than an hour *. 

Under three inches of the bichromate of potassa the paper^ 

became in eight hours sunshine of a full blue-brown. 

18. The fact of cress and pea plants growing green, under 
the influence of such powerful light as penetrated Professor 
Draper's yellow media, will not appear at all surprising when 
we examine the rays which pass through such fluids. 

This I have done by forming a spectrum, interposing tlie 
coloured body between the prism and the sun* The feuow- 
inffare the effects of a Fabniary son at Devonport 

Through a deep blue solution of the anunoniapsulphate of 
copper, tne violet, indigo^ blne^ and a portion of the green rays 

pass. 

Through sohitionsof the muriate^ aeatate and nitro-muriate 
of copper with iron, the green ray, and a considerable portion 
of the yellow; a trace of the blue also is evident. 

Through solutions of the bichromate and chromate of po- 
tassa, the chloride of gold and decoction of turmeric, the red, 
the yellow and the green rays are seen, and h\j taking their 
imj)rcssion on a dagiterreotj^pe plate a line of' the blue is diS" 
tine til/ marked. 

Through nitro-muriate of cobalt in ammonia, carmine in 
ammonia, and sulphuric acid and decoction of cochineal, the 
red and yellow rays alone appear to penetrate. 

THE SPECTRUM. 




* The papers wUch SMompany this article were exposed under the 

glasses and Uww ftwitlli of Ml inch of fluids for forty mnuitee. The Older 

of interference and consequent colouring is plainly shown. 

FhiL Jilag. S. d. VoL 16. No. 103. Jp-il 18iO. T 
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19. It will be observed, that tbe ligfit which has passed 
through a green medium (2, 7, 9, 10, 15, 16) acts less 

powerfully in darkening photographic pnpers, and occasions 
vegetable leaves to be even paler than that which has been 
subjected to the interference of a yellow medium. 

I am led to suspect that the band oi rays formed by the 
meeting of the yell <>\v and the green has an influence similar to 
the extreme red, in neunali/ing the powers of the other ad- 
j acent rays, as was first noticed by Sir John HeracheJ, ^22.}, 
(23.), (26.). 

SO. The il|;iire on the preceding page represents the solar 
spectmmi as it impresses itself on a daguerreotype plate^ not in 
shadows merely, but in colours^ which have the peculiar ap- 
pearance of the down ujpon the nectarine. 

The most refrangible portion of the spectrum is repre- 
sented in full colours, shading from indigo to a delicate rose» 
which is lost in a band of pure white. 

21. Beyond this a protecting influence is powerfully ex- 
erted, and notwithstanding the chemical effect p'uduccd over 
the plate, by the dispersed light, a line is lormcd tree of IDer« 
curial vapour, and which consequently appears black. 

22. The green portion of the spectrum is represented ia 
its true colour, but it is considerably lesa in size limn the 
space occupied by these rays. 

23. The yellow rays are without action^ or rather they do 
not prepare the silver ibr the reception of the mercury, and 
consequently a black belt marks the space on which they l^l> 
and extends a little beyond it into the ffreen (19.). 

24. A white line marks the place of the orange light 

25. The red is represented by a well-defined rose coloury 
bounded, as were the more refrangible rays^ by a white linef 
shaded at the lower extremity with a green. 

This jiasslng of the red w.io a green and of the blue into a 
rose colour (20.) is strikiniil} -iniilar to the efl'eet produced, 
by the interference of coloured mediae on some pUotc^raphic 
drawings (8.). 

26. The lowest dark space on the picture is a beantiful il- 
lustration of the influence of the extreme red rays in protect- 
ing the silver from luminous action (19.) (21.). 

27. What appears more surprising to me than even the de- 
tection of the negative? rays at each end of the prismatic 
spectrum, is the continuation of the dark Una throughout it$ 
whole length, evidently showing the influence of the same cause 
as is so effective at the least refrangible extremity. 

This band is not equally defined throughout its entire air* 
cumference* It is the most strikingly ement irom the «x« 
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treme red to the ^reen ; it fades in passing through the blue 
and increases in intensity as it leaves the indigo, until, be> 
yond the invisible chemical rays, it is nearly as strong as it is at 
the calorific end of the spectrum* 

Does not this protected surrounding band appear to indi- 
cate the existence of rays of a peculiar and unknown order, 
proceeding from the extreme edge of the sun? 

28. By liglitly rubbing a daguerreotype picture of the 
prismatic rays, it is obliterated, except over the '^pncc of liie 
yellow nnd red portion. This effect conesponds with my 
exnerinienls on media of these colours (11. I'J. 13). 

iJnLil we have more experience than we now have of the 
effects of the solar rays individually and collectively, we can 
ofler no satisfactory explanation of the process in action, on 
a daguerreotype plate, by which the subtle painter Light im« 
presses such delicate desijgrns. 

The existence of two iodides of silver, is, I think, certain. 
In my photometric experiments I have always observed the 
formation of an iodide wlilch s}ieedily darkens, and of another 
portion which is unalterable by lighl*. 

The sensitive fdm on the silver plate appears to be the 
former of these iodides. ThrouMiout the rannrc of the die- 
micai spectrum, particularly su called, the iodide is I inia- 
gine converted into an oxide of silver ; that a partial oxidation 
takes place numerous uxperimeuUs have rendered certain j 
whilst the influence of the rays of least refrangibility is to 
form the unchangeable iodide of silver. Experiments, how- 
ever, are wanting to prove this satisfactorily. 

An attentive consideration of the facts I nave enumerated, 
will, I think, satisfy all, that we can no lonjger with propriety 
attach the name of chemical to the most refrangible rays only. 
Every ray has its particular chemical office, either of compo- 
sition or of decomposition ; and although Seebeck has attri- 
buted the acquirement of a rose hue by chloride of silver 
when put into the red ray, to the heating pow er of that por- 
tion of the spectrum, it is now proved to be dependent upon 
some other influence, for whcic ii has been shown die most 
calorific rays exist this bait undergoes no change. 

bevenpon, Fobruaiy 1840. 

• [See Mr. Tnlbot's account of the processes employed in Photogenic 
Drawing, bond, and Edinb. Phil. Mag., vol. xiv. p. 210 — Eon,} 
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XLIX. On the Mineral Struct (oc of iJir South of Ireland ^ tcith 
c-orrclafivc matter on Dcvoii and Carnrvally Belginni, the 
EiJ'd^ Bi^ Thomas Weavlh, i^^^., i'.R^S*^ F,G,S , 

*' Men believe that rensoti ^^overns their words, but words bavtt often 
power enough to react upon rea«on."— JJacon, 

'T^HE following remarksi bearing on the mineral structure 
^ of a oofDsiderable portion of the south of Ireland, are 
drawn from me by certain repreaentations made by Mr. 
Griffith on the same subject, respecting which my first im- 

precvron was that T might be content to suffer them to pass 
witliout public comuient, jiersuaded Lliat no inic IligeTU geolo- 
gist, who would duly sift and weigh the evidci.cc adduced on 
both sides, could be at a loss in coming to a correct decision. 
But ns it is not every reader who will take this trouble, antl 
as unquestioned assertions not untVc^iueully pass as established 
truths with the unwary, further reflection has taught me that 
I owe it both to the Geological Society and to myself not to 
remain silent. However adverse to controversTf and how- 
ever irksome the task of entering mwn it, a man should always 
be ready to eive a reason for the faith that is in him. 

It has so happened that my Memoir on the Geological Re- 
lations of the south of Ireland* (which in its more material 
points was communicnted to the Geological Society in tiie year 
18S0), and Mr. GriUiUi's Outline of the Geology of Ireland, 
with its accompanying Geological Mapf, were brought before 
the public eye much about the same time, namely, in the caily 
part of IS'JS. The marked discrepancies observable not 
only between our respective maps of the south of Ireland, but 
also in Mr. Griffith's own map itself, could not fail to strike 
other geologists as well as myself; whiles on referring to the 
written outtine» so far lirom finding an elucidation of tne dis- 
cordances, the outline itself appeared at variance with the 
map. I have reason to know that other geologists felt eaually 
unable to discover the precise purport and extent or Mr. 
GriflRth*s meaning, and hence some explanntion seemed nc- 
cessaiy. Doubtless, aware of such an inipressioT], Mr. Grif* 
iilh has been led to give that explanation, accompanied by 
many changes in his views: 1st. in a communication made to 
the British Association at Nl w ca Ue, in August, IS^JSj; 2nd, 
in a letter addressed lu ilic iicv. Dr. Buckland, Pres. Geol. 

* Geol. Tnns,, vol. v., tecond series, 1837. 

t Appendis to the Report of the Iri>l) Railway Coniuiissioners, 1838. 
X Report of the E^th Moetiag of the Britidi AsBodation* 1889. 
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Soc, in May, 1839*; and, 3rd| in a paper read before llic 
Geological Society of Dublin, on the 13th June, 18^)9, the 
last-mentioned being accompanied by two sections, one re- 
ferring to the soutli-eastern portion of the island, and the 
other to a part of the extreme west, in the county of 
Kerryf. The views of iMr. Griffith thus appearing in an 
authenticated form before the public, and the author liaving 
in his last production, while attemptin|j to explain his own 
positions* round it necessar y to assail mine, the time has fully 
arrived for adverting to those views. Being thus put on my 
defence, I shall proceed to consider, in connexion, the Outline 
with its Geological Map, and the three later written communi- 
cations, with the two sections supplied by the author ; and in so 
doino;, I shall feel no difTiculty in sbo^^■ing that many of Mr. 
Grittitli's representations are not only irreconcilable with the 
iacts, but that those representations contradict each other J. 

The question at issue lies more particularly between the 
older stratified rocks of tlie south of Ireland and the old red 
sandstone pro[}erly so called, whicli occurs in diiierent por- 
tions in that quarter of the island. 

In the Outline (at p. 7), Mr. Griffith professes to dbtinguish 
the older stratified rocks as consisting of an older and a newer 
transition series, the latter, which is coloured purple, being 
said usually to repose un conformably on the former, which 
is coloured grey ; or, as it is later expressed in another placed, 
usually resting unconformably on tne greywacke slate or Si- 
lurian series ; and the old red sandstone, which is said to 
succeed, being distinguished partly by a reddish- brown and 

• Procecdini!'^ of the Gcoloiiica! Society, 22nU May, 1839. 

f Journal ot the Geological Society of Dublin, vol. ii. part 1., 1839. 

X This paper was drawn up bciure 1 had seen another Geological Map 
of Ireland put forth by the author, on a large scale, in 1839 ^ and to this 
latter map, it ap{)ears, Mr. Griffith's two last-mentioned communicnlion? 
rel'er also in part. If the (li^crcpancic; in the map appended to the " Out- 
line" were itartling, the nuniercus arbitrary alterations introduced in the 
new map are no less striking; and it may fairly be inquired what reliance 
is to be placed on either of them, disii^reeing largely us they do with each 
other. 1 can perceive, in the new niaj), an approximation in some parts to 
my own view», but an utter discordance in other parts. As, however, the 
alterations which have been made in the new man do not materially inter- 
fere with the conrsc of my argument, which in tne first instance bears di- 
rectly on the map attaciied to the "Outline," 1 have left tlie text un- 
changed, merely adding iutideiituUy u few notes in reference to the new 
map, for the purpose o? continuing the comparixoD. The discrepancies 
between Mr. Griffith's two maps nnd my own map of the south of Ireland, 
will thiiH become doubly apparent. 

§ Journal of Geol. Soc. of Dublin, vol. ii. p. 85. 



* Hodges and Smith, Dublin, and James Gardner, London. 
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partly by • ydki«riaM>rown colour. Such ii the ttatemeDt. 

Now, how are these positiom wtablished ? 

Mr. Griffith admits* the correctness of the view, wbicli I 
gave more than twenty venrs sincot, of the relative position 
ot the old red samlstone, as occin i inL- in detached portions 
ill the county of Wexford, on both bunks of Waterford har- 
bour up to the confluence of tlie Barrow and tlie Suire, and 
again alonir the valley of the latter river west of Waterford, 
flanking both iia sides, that on the north extending into the 
counties of Tipperary and Kilkenny, and that on the south 
bordering the river end cxMMtitiiting higher up the Monevoul" 
lush group ; in iiU tbete CMet repoiiiig unomiferineblj on the 
older ttmttfied .loeki. TlMy are thw ell placed in the MWie 
cleM as the old red sandstone formation i and thb being the 
case, it may be asked, \< hy b the reddish*browii colour* aa 
indicative of old red landstone^ confined alone to thote por- 
tions of it whkh occur in the county of Wexford, extending 
to the eastern side of Waterford harbour, while on the oppo- 
site or western side of that harbour and of tlie river Barrow, 
all the other districts specified, and acknowledged to be old 
reii sandstone, are coloured purple, ns indicative of a newer 
transition series? Here is a direct contradiction, both in 
coiniii i, and terms, as well as in the reputed order of suc€e»- 
siun. 

The author having thus in the first place admitted that the 
old red MUidttone or the MonavouUagh range is of the same 
age as that of the valley of the Soire^ of the Barrow at its 
ooDfloeneet and on the eastern and western confines of Wa- 
terford harbour, &m proceeds next to show that it beloo0 to 
a newer transition series : and how is this accomplished r by 
lepresenting the old red sandstone of the Monavonllagh 
range, the stratified structure of which is admitted to vary 
only a few degrees from the horizontal}, as dipping in its 
southern prolongation suddenly to the south at a nigh angle, 
and extciulinrr down to the coast, namely, to Ballyvoil Head ; 
thus nuutmitr to identify the old red sandsti ne of the Mona- 
voullagh with the sandstone conp^lomerate, santlstoiie, and 
red slate which occur on that pnrt ol the coast in association 
and interstratified with traubiuun rocks at a liigh angle. 
Here, doubtless, lies the main source of Mr. Griitith's niis- 
, conception, and the consequent train of errors and inconsist- 

• Journal of Gaol. Soc. of DobliD,ToI. ii. pp. 85,86. 

t Geol. Thina., vol. v., fine series, pert 1, 1610. Memoir on the Kelt 

of Ireland. 

t Eighth Report of the BriUsh Association — 1 raiiiiactiout* of the Sec> 
tiodfy !». 01. 
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encies into which it has led him ; and on the faith of which 
be ventures to state* that, "had Mr. Weaver, who le- 

presented the conglomerate of MonavouUagh as a mountain 
cap rei»f inn' on L'^'eywacke slfite, made a careful section of the 
strata, ctilier from Moiku outhii:!) of H;lliv^'oil Head, he 
would have been convinced of his error, ami probably have 
arrived at the same conclusion as mine;" a singular conclu- 
sion ctjrtainiy, inasmuch as tlieie i» no apparent connexion 
whatever between the horizontal sandstone conglomerate of 
the MonavoulUigb range and tfaoie beds of conglomerate^ 
sandstone^ and red slate of the coast which extend eastward 
from the vale of Dungarvan in severa] separate discontinuous 
bands interstratified with other transition rocks ; all these dip* 
ping throughout at a liigh angle, chiefly to the south, but also 
to the north, which latter position may be seen in the red 
sandstone conglomerate and the associated rocks in Tranamoe 
head, witJjin a short distniice of Bonmahon river. I have 
described elsewhere that these rocks of the coast are connected 
on the north and west with varieties of clayslate (black, blue, 
green, yellow, red. ;iiicl purple), alternating with greywacke, 
quaru rock, horusluue, red sandstone, and conglomerate, and 
comprising also subordinate beds ot greenstone with porphy- 
ritic varieties of the rocks which J have enumeratedt* This 
statement was not lightly given, having carefully examined 
the Interior in many directions, as well as the whole line of 
coast extending from Dungarvan harbour on the west to 
Waterford harbour on the east; and having in the course of 
my researches (in 182i) discovered transition fossils in the 
series, I had the greater pleasure in exploring; the district, 
and in ascertaining with exactness ilie composition and struc- 
ture of the rocks, as I had just completed and pul lislicd iuy 
account of tiie Tortworth transition district in Gioucester- 
shirej. 

But it is not necessary to rely on my own ttstimony alone. 
The interesting remarks of Mr. Holdsworthf on the eastern 
part of the county of Waterford, extending from the Bon- 
mahon coast to the MonavouUagh range on the west, illus- 
trated by a map^ come in aid of my views; and they may be 
considered the more valuable as proceeding from an unbiassed 
observer. And had Mr. Griffith fully attended to them, 

• Journal of Geol. Hoc. of Dublin, vol. ii. p. 86, 
\ Geol.Tmns., vol. v., second series — Mentotn on the south of Ireland • 
)4 15 to 20 inclusive. 

X Geol. Trans , vol. i., second series, I8?4. 

§ Journal of UeoL Soc. of Dublin, vol. i.,part 2. 1884. 
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(putting my own descriptions out of the question)! be must 
have seen that Mr. Holdsworth places in the map and speaks 
in the text of the clayslate formation, as being observable in 
different phices along the eastern border of the Monavoullagli 
ran q'c of conglomerate ; and especially as being of consider- 
al>]c extent in the vicinity of Stradbally, where it is in a liighly- 
inciined position, and in places nearly vertical, streiching 
thence to the westward toward the vale of Dungarsati, and 
there coming in contact with the carboniferous limestone of 
that valley. In its range, therefore, the clayslate formation 
evidently occofnes the district lying between Ballyvoil head 
on the south and the Monavouiiaffh range of conglomerate 
on the north ; and Mr. Holdsworth observes'^y that in iliis 
part the base of the Monavoullagh mountain range approaches 
close upon the clayslate formation. With respect to the 
Monavoullagh conglomerate itself, he remarks f, that having 
examined this mountain range in several places along its 
line from north to south (which extends many nnles), and 
from to}) to bottom, it nowhere appeared as a conformable 
rock. Now, let m return to the coast, stretching eastward 
from Ballyvoil Head. What is the purport of Mr. Holds- 
worth's observations in this quarter, and more inland, in re- 
ference to the occurrence of red sandstone conglomerate and 
red slate as forming beds included in the clayslate formation ? 
He says, that in various places along this line of coast, and 
particularly around Bonmahon, he met with the conglomerate 
usually accompanied by red micaceous slate, both being in an 
inclined position, and having the appearance of being a con- 
formable formation, inasmuch as these strata, where they 
occur, appear bounded on each side bv the common rocks of 
the coast. And the conglomerate is described as being both 
coarse and fine-grained, the latter passiiin by insensible gra- 
dations into the red sandstone slate; aiui a coarse saadslone 
with ferruginous marks also occurring. The red sandstone 
slate passes, he says, sometimes into grey slate, portions of 
which occur abundantly in the composition of the conglo- 
merate of the Monavoulluh range. Mr* Holdsworth, in 
concluding, touches upon the question as to the source and 
origin of the conglomerate range of the Monavoullagh and 
those beds of conglomerate which are conformably associated 
with the commoti rocks of the coast and in the interior, 
which latter he also terms, **detached dyke-like masses and 
he inquires wtiether they may have been contemporaueoubiy 

* Journal of Geol, Soc. of Dublin, vol. part 2, p. 89. t i<^^t P* ^7. 
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raised to their present level; a speculation into which I do 
not Uiink it necessary to enter» the established fact of the 
difference of position nnd association, and consequently of 
date as to origin, being sufHcient for my present purpose. 
Other matter is to be iound scattered througli Mr. Holds - 
worth's observations, wliicli comes verv well in corroboration 
of the rrencral view which I have irivcn of the structure and 
composition of that diilric! in niy memoir on the south of 
Ireland; although Mr. IIoltlMvorth nowhere draws the dis- 
tinction himself between liie U aiisltlon conglomerate and saiid- 
stone, and the overlying conglomerate and sandstone of the 
MonavouUagh range,, further than by considering the former 
as a conformable, and the latter as an unconformable forma- 
tbn. On the contrary, he gives it as his opinion that all the 
conglomerates and sandstones which he has noticed in the 
eastern part of Waterford are identical, excepting perhaps 
those occurring on the north-west of the city of Waterford 
and tliose arountl Dunmorc on the western side of Waterford 
luirbour, which lie conceives may be of more recent forma- 
tion, hut no reason is assigned for this opinion. The identity 
s})ukeii of, however, seems mainly to refer to the similarity 
of mineral composition, respecting which tliere can be no 
diii'erence of opinion. 

But to return to Mr. Griffith. It is clear from the pre^ 
ceding that he has confounded together the old red sandstone 
formation, properly so called, with the red conglomerate, 
sandstone^ and slate, which occasionally occur as constituent 
beds in a transition country. 

The horizontal position of the Monavoullagh sandstone 
conglomerate is quite in accordance witli what is observable 
in the detached portions of the same formation which are 
studded over the northern bonier of the clayslate table-land, 
overlooking from the south the valley of the Suire, and where 
in the year 181 1, when first exploring that country, I found 
the sandstone conglomerate reposing unconforraably on the 
truncated edges of the subjacent clayslate. Mr. Holdsworth 
appears to have made a similar observation in a quarry ad- 
jacent to tiie road between Kilmacthomas and Portlaw, where 
the junction of the clayslate and the conglomerate is very dis- 
tinctly marked, the slate there being thrown up nearly per- 
pendicular*. 

Indeed, when we consider the long-drawn ranjre of the 
Monavonllogli from north to soutt), beinn; nearly at rii^ht 
angles with the eastern and western strike of the border!!)'^- 
older stratified rocks^ both on its eastern and western con- 

f JouTiiul ui (jcul. iSuc. of Dublin, vol. i., part 2, p. 95, 
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fines, whose dip varies from south to north» how could we 
expect any conformity between them ? 

If we now pass to the westward of the Monavoullagh sand- 
stone conglomerate range hy ascending from the vale of the 
Blackwater, from Lisnioro for example, to flio table-land on 
the iiDi lh, on which are planted llic Knocknuldcnvn masses of 
the old retl sandstone formation, traverse in our course the 
older stratified rocks, slill possessing the eastern and western 
strike, and for the greater part the southerly dip, and in which 
occur numerous sUte quarries. The Monavoullagh sand* 
stone conglomerate ran^ extends nearer to the declivity lead- 
ing down to tlie vale of Dungarvan than the Knockmddown 
sandstone conglomerate range does towards the Blackwater 
valley, from which it recedes considerably to tlie north, and no- 
where does that formation approach and reach the vale until 
we enter upon the region of the Kilwortli mountain and the ad- 
jacent hills, where it descends toward that valley and supports 
the carboniferous limestone ? while in llie ilefiles and ravines 
by which that mountain is furrowed, and whose course is 
toward the Blackwnter, the clayslate formation is exposed to 
view in strata nearly vet tical, supporting the old red sand- 
stone formation in unconformed position^. But Mr. Griffith 
represents the conglomerate of the Monavoullagh as under- 
Iving these older stratifi^ rocks, although they Ue mainly to 
the west rather than to the south of the Monavoullagh range; 
so that, according to his view, the whole of the schistose country 
lying to the west of the Monavoullagh range» and extending to 
Kil worth, together with the superimposed ranges of sandstone 
and conglomerate of that region, nre swamped in one general 
formation, coloured pur})le, which colour is niadeto extend as 
far south as to n line drawn from lu ai Kingabcila inlet, adja- 
cent to the somhern entrance of Coriv harbour, to the head of 
Bantry i)ay, ami thence to the western coast opposite to Dur- 
sev island, the said colour denoting a newer transition series, 
while the included bands of limestone are considered as be- 

* Memoir on the Soutli of Ireland, in frcol. Trans., vol. v., second sc- 
ries, 47, in which 1 have remarked that the formation, nn there exhibited, 
is quite analogous to the old red sandstone of EnglaTul.i^rtscnttng the name 
varieties in colour and composition, and consisting of compact and slaty 
bcils of firm «nndstone, associatpJ with others of a looser texture, witfi 
sandstone conglomerate, and with bedii of indurated clay and slaty clay ; 
the reddish.brown coloar prfldomintting in the series. Similar relations 
are also will displayed in the old red sandstone of Kerry Head and the 
Slieve Moi h range, as well in the rnn:rr<» ofKnockfcornagh, Kilcniai£r, 
and KilmeuUy, taken in connexion with tiie chain of the Seefin, biievc 
Riagh, Sliefenaoinck, and Gaultees mouotains. /d<U 48,49, 50. The 
parallel might l>e continued still further north, Ibid. $ 6!), as w ell as in the 
variou'^ f^n u tcrs indicated in my memoir OA the east of Irelaod, Geological 
Trau»actions, vol. v. first series. 
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longing to the carboniferous series, although it is admitted 
that the adjacent cla)Fslate is interstratified occasionally with 
the limestone, such sintc, however, to meet the oocasion^ 
being called a ''carboniferous slate 

Nor does the ciUemma end here. The eastern part of 
Waterford is coloured grey, as indicuiive of an older transi- 
tion series, and the rest of tlie schistose and conglomerate 
tract, extending to the western extremity of Kerry and noi th 
of the line already noticed, are coloured purple, as signifying 
a newer transition aeriesf • 

Now, in the year 1894 I discovered (as before mentioned) 
transition fossils in the south-eastern part of the county of 
Waterford, and in 1888 Mr. Holds worth observed the same: 
and in 1829 I (bund other transition fossils in the western part 
of the Dingle peninsula in Kerry; and in 1837 Mr. C. W. ILi- 
milton discovered them also in another adjacent locality, to the 
list of which Mr. Griffith has since added others. Those col- 
lected by myself appeared chiefly referable to such as are found 
in what have since been denominated in Englanil the Cambrian 
and Silurian systems, and the same luicrenL-e appears dedu- 
cible from those later collected. These tracts therefore dearly 
belonging to an ancient transition series, it may reasonably 
be inquiml why is the Waterford district coloured grey as 
an older transition series, and that in Kerry purple as a 
newer transition series %? 

Yet in reference to Kerry and part of Cork Mr. Griffith 
also contends §, that "the red conglomerate of Cahirconree 
and Carrantoohill (Gurrane Tual). mountains, toj^ether with 
the coarse red shite of which Tomies anil Glenaa niountaiiis 
at Killarney are conij^osed, belong to the old red sandstone 
series; and that the limestone of Killarney, Kenniare, and 
Bautry, belongs to the carbon ilcioub and not to liie Lruiibition 
series.'* Having advanced so far, if Mr. Griffith had gone a 
step further (which he might have done with just as much 
propriety,] and included the patches of limestone near 8kib^ 
oereen and Courtmacaherry bay also in the carboniferous 
aeries, the result according to Mr* Griffith's view would be 

* In the new map it will be seen that in the eastern quarter of this 
truct the purple colour h now converted into rediiit>h-brown, us indicative of 
old red sandatooe, and to the wwtern quarter chiefly into grey, ss denoting 
greywacke slate. 

f But rfniiodflletl in the new mitp, with retlili^h-hrown as old red sand- 
stone in the eastern (juurier, unil grey us greywaeke blute in the western, 
81 already mentioned. 

X In the new in:i|), the grcuter part of Xeny and a small part of CSork are 

now coloured yrcy, as fjrevwacke slate 

§ Eighth Report oH the iiriti^li A!»kociation, pp. 83, 84. 
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that we have no transition limestone at all in the soutli of 
Ireland *; and by parity of reasoning, tliat all the sclii.slose 
and contrlonierated rocks associated with these bands of" lime- 
stone in that part of the island, belong to the old red sand- 
stone formation, since he cannot deny? and indeed admits, 
that those bands of limestone are iiktersiiaiified on their con- 
lines with the adjacent rocks. 

But in another placef » Mr. Griffith observ«S| the schis* 
lose strata of the counties of Waterford» Cork, anil Kerry, 
which form the base of the entire district, consist of grey- 
wacke and Silurian rocks while in a third place he re- 
marks |» I am of opinion that eventually the greater part, 
if not the wiiole, of the schistose rocks of the counties of 
Kerry and Cork coloured greywacke slate on the map, will 
prove to be Silurian, with the exception of a narrow stripe of 
black claysiate which extends from the western base of Cahir- 
conree mountain to Ballinguard bay cast of Dingle harbour." 

Tilts aiid the precedinfr quoted passage, when compared 
with tlie map of Lbc ' Outiine," are unintelligible, as the only 
part of Kerry coloured as greywacke slate is this very band 
of blackish-grey claysiate, and the only part of Cork so co- 
loured lies south of the line already noticed, as drawn by Mr. 
Griffith from the coast opposite Dursey island to the head of 
Ban try bay and thence toward the southern entrance of Cork 
harbour§. 

The blackish-grey claysiate to which Mr. Gritlith seems to 
attach so much importance, is only a member of the ""eneral 
transition soiies, like the greenish-grey, the reddish-brown, 
and otiier coloured slates, all which may be readily found iu 

• In the new map this is now accomplished, the limestone being in- 

cliulcd and merged in \n hat lie is pleased to call " carboniferotK slate,'* 
supported by * 'yellow and old red &and»tone»" which asuirodly do not 
exist there. 

•f .Joumsl of GeoLSoc. of Dublin, vol. ii. p. 81. % Iiid,,p» 8S. 

§ The t\vr> passages noticed doubtless have reference to the new map, 
from the dificrciit colouring of which they can alone receive illustration; 
and here it is to be observed, that the southern part of Cork coloured in 
the map of the ** Outline '* oi greywacke slate, is now in the new map most 
^rnttiitoii'^l . (li tribiitcd into parallel bands of what Mi . rrr iffith is pleased 
to call "old red sandstone and "carboniferous slate," to which appella- 
tions the strata in question have certainly no pretension. Take, as an 
example, the region of the Audley copper mines in the touiity of Cotk, 
descnbt i! ' y mc in §^ .'5s, .'5!), of my Memoir on the south of Ireland, which 
is coloured by Mr. Grif&ih as old red sandstone. With equal justice might 
the rcdon of the copper mines in the county of Wicklow be designated as 
olil red sandstone, since in both cases the constituent rocks are claysiate, 
quartzy cla\:date, and quartz-rock. This is one instance, among many, 
in whicli hypothetical views are permitted to supersede the dictates of 
common sense. 
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Kerry, Cork, and Water ford, and of which I have given 
suffident descriptions elMwbere*. 

In following Mr. Griffith's progress thus far» wluit is the 
result ? It amounts to this: that with the exception of the east^ 
em part of Waterford lying between the Monavoullagh range 
and the coast, and the sonthem part of Cork lying soudi of 
the line drawn from near Dursey island past the head of 
Bantry bay to Ringabella inlet, both of which (coloured grey) 
are referreid to an older transition series or to a Silurian series; 
nl! rfst of the schistose and conglomerated rocks, extend- 
ing Irom the county of Waterford on the east througli tiiat of 
Cork into and throuirh Kerry on the west (colonrcil purple), 
are viewed, aiul tle>ii:nated by Mr. Ciriniih id dilFerent parts 
of liis communications, as the old red sandstone iorinaUon, 
as a newer tran^iition series, as a Silurioji series, (all these 
three being also called an old red sandstone series), and 
lastly, as an older transition series; while all the bands of 
limestone included in these schistose and conglomerated 
rocksy from the limestone bend in the valley of tlie Bride on 
the north, to that occurring in Bantry bay on the south, are 
referred to the carboniferous limestone, although admitted to 
be in direct association witli the rocks by which th^ are 
boundedf. 

AW this is undoubtedly sufficiendy perplexing to a geolo- 
gical iiujuirer, since it leaves him no secure footing nnywhere, 

1 now turn to the «^( ctions ; yet another anomaly claims 
previous attention. All the old red santlstone tracts lying 
north of the city of Limerick, as those of the I'lllxja ajid 
Slicve Bloom mountains, similar districts in the euuntics of 
Clare and Galway, and others yet more north, are coloured 
reddish and yellowbh brown ; and with this I do not quarrel 
furUier than that the adoption of two colours to designate the 
same formation seems superfluous, making that to appear com- 
plex which is simple, it being well known that both the colours 
and composition of the old red sandstone formation are very 
variable; and as to occasional interstratification on the bor- 
ders with the carboniferous limestone, that may be very well 
expressed by words. The anomaly I advert to is this, that 
the old red sandstone of the extensive range of tlie Gaultces 
should be coloured as a newer tiansition series (purple), while 

• Geo!. Trans., vol. v., second serir<, Memoir on the South of Irdaiid, 
generally in 8 uud iit, and in |)afutular in 4§ 7 to 33, and §§34 to 41. 

t These are the !«pciimce inference* dedoeible from the " Outline," 
with its map and the three later written cninrnunications. TIic various 
modifications and alterafion^ ^ivpn furiiicr to these views as desigiUlted by 
the new oiap, 1 have alrcaUy adverted to in preceding uoitti. 
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the SlievenRinuck and the other ranges more westy which rite 
in the vale of Limerick (although in &ct all connected and 
belonging to the same formation), are aloat coloured as old 
red sandstone (reddish and yellowisli-brown*.) 

A low remarks here upon the construction of sections may 
not be niispluced. Jn my sections through the south of Ire- 
land I hnve endeavoured to combine two objects, namely, to 
give oiiiliiies c)f the actual forms of the surface preaiiued by 
nature, and to rcpreseni l.uiiiiuUy ilie lelauve position ol tlic 
socceMiTe mineral masses, employing as nearly equal scales 
for heightt and dieCances as the enmvinff would permit, the 
difoence being onlj at four to three ( Dot I have not at- 
tempted to intrlDdtice the difierently modified structure of 
their respecttte stratification, and for two reasons: lst| that 
to do it correcdy upon any given transverse line according 
to scale and measure, would require considerable labour, and 
even when accomplished might not exnctiv accord with the 
results v\' nn examination conducted on paialiel lines in differ- 
ent longitudes, in n country wiiere tlic stratification is more 
or less fluctuating; 2nd, that unless done correctly, such sec- 
tions, iihsiead ol conveying precise inlorniuuuii, tenti rather to 
mislead the judgement. In such cases, it appears more judi- 
cious to supply the deficiency by adequate description. 

Now, it is toff the second of these reasons that I must ob- 
ject to Mr. Griffith's sections. They appear to me in many 
respects drawn rather according to the conceptions of their 
autnor than the occurrences in naturef. As some proof of 
thtl^ 1 will in the first instance tain the section which is 
drawn through the south-eastern part of the island, beginning 
at the valley of the Suire (where it first intersects the car- 
boniferous ltmestoae}t and foUowing it to its extremity in the 

* In the new map the Qoultees are now aUo coloureti reddish bruwu,as 
old red sandstone. 

f The same remaric i^iplies to the tsetioiit drawn in Kerry by Mr. C. 

W. Hamilton a!>o, but especially so to the section No. .1 in his " Outline 
of the Geology of pitrt of the county of Kerry," in the Journal of the Geo- 
Ic^icd Society of Dublin, vol. i. pp. 276 to in which there is nowhere 
cmwn a dtMrdiitinction bstWeen the conglomerates and sandstone* of the 
transition series and those of the old red sandstone formation, the one 
being confounded with the other. Moreover, in No. 3 section, the old red 
sandstone and the coal measures are confounded together, the latter 
(north of Tralee) being made to underlie tad break through the carboni- 
ferous limestone instead of ri'posing upon it , niul the text in p. 284 is to 
the ?nme effect. This is the paper referred to by Prof. Sedgwick and Mr. 
Murehi^uii in the Lond. and Edin. Phii. Mag. in April 1839, at p. 260, and 
to wUch I had occasion to advert in dieMMBt Magazine for Aii^tist. 1839, 
at p. 122. Two -rclions in Krr:\-. crivrn by Mr. C. W. Hamilti'i; in 

tbe Load, aod iuiia. i^hil for i>«c« ItilddiMe net ^ epea to the 
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county of Cork. In this section the vertical scale is to the 
horizontal scale as twelve to one ; which necessarily produces 
great distortions in the relative position of tlie mineral masses*. 

Let us first consider that portion ol' the section which lies 
between the valley of the Suirc and the vale of Duni/arvan, 
the latter oi' wlucli extends westward to tliu Blackwater. 
With respect to the relative position oi the carboniferous 
iiniestone of tlie valley of the Suire as reposing on old red 
sandstone, both on its northern and southern sides, there is no 

auestion. South of the river, the old red sandstone, which 
lere forms a narrow border, reposes unconforniably on the 
clayslate formation, the former dipping north and the latter 
south* These relations may be observed in many places, 
and Mve well exemplified in passing from the river Suire up 
thedelile w hich leads to the Glenpatrick slate quarries, about 
three mile.s to the east of Clonmell, and which unconibruiable 
position is admitted by Mr. Griflith himself f. Tfie same 
relative position is to be observed upon tiic ratipje eastward 
also, and to the south of Carnck, through which iSIr. (ii illiiifi. 
section ^lasst^s ; but Mr. Grifiitli there makes the clayslutc 
of the hdl of Carriclc, as well as the cluyslate extending to- 
wards the MonavouUagh range, to dip north, though just 
contrary to the fact, the dip being south ; and by interposing 
a bed of conglomerate, all north of this, extending to the 
limestone of the valley, is called an ^*old red sandstone series," 
than which assuredly nothing can be more incorrect. For 
the details I have given, as well as general views affecting this 
region, 1 must refer to the H 1th section of my Memoir on the 
east of Ireland}. I have already remarked that the older 
stratified rocks on which the Munavoulluf^h range rests, dip 
generally south, yet are subject to local inflections to the 
north ; [)ut Mr. Grifiith in his section represents liic whole 
of these older rocks as vertical in the centre, from which 
the strata are made to incline on the southern side to the 
south, and on the northern side to the north, the latter being, 
as I have already stated, contrary to the fact. I have also 

same objection, but they are ut variance with themselves, the author re* 
presenting what he terms "old red sandstone" to dip in fig. 1 <rcnernlly 
south, and in tig. 2 gencridly north. They are also at variance with liis 
former sections, given in the Joumn] above referred to, but especially so 
with the matters of fact. An unrestrained indnlfence of fancft with a 
Ioo<;e nppftcatton of the terms Cambrian^ SUwrum, tdd rtdtandtUmf,&C*,een 
tend little to the advancement of Geology. 

• The deceptive effect of Mich tection* has been ably ihown by Mr. De 
la Bechc in hh Section^ ami Vit-ws illiHlruuvc ofGeolo^Csl PfaMOOmsnat 

•f" Jouriiiil of Gcol. Soc. of Duhliii, vol. ii. p. lS(>. 

j Geoi. Tran8.« vol. y., fir»t series* part 1. Itil^, 
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observed tfiat the MonavouUngli conjilonicratc range ap- 
proaches so tar towards the vale of l^unuarvan, that the 
schistose and con^lonicrnted rocks lying south of the Monu- 
voulIaf{li raime, aiul north of the carboniferous limestone of 
the valley, do noL reach to the .surface to any great extent; 
but Mr. Griffith brings into his section as south of the Mona- 
vouUagh the olfler stratified rocks wbich lie west of the latter, 
namely) such as we traverse north of Lismore when proceed- 
ing from the Blackwater toward the KnockmUdown cbahty 
and which in fact are merely the western continuation of the 
older stratified rocks that are exposed on the eastward of the 
Monavoulhigh range. In the series of strata north of Lis- 
more, and which he designates as the newer transition shite 
series*, there occur, lie observes, in some localities, abundant 
marine exuvise, and even vegetable remains, e. g. calaniites ; 
and he adds that it is possible the whole may belong to tlie 
iSiliiriun systemf ; and yet this series is represented as in di- 
rect association with the unquestioned carboniferous limestone 
of the Blackwater valley, which is quite contrary to my ob- 
servatlonst* The appearance of vegetable remains here is 
interesting) as bearing analogy to a similar occurrence in the 
transition series at Dnnmore in the county of Kerry, observed 
by the late INIr. A. Nimmo^ and as elsewhere remarked since 
by Mr. Griffith, which will be noticed in the sequel. 

The j idge intervening between the limestone of the vale 
of the Blackwater and of Dungarvan, and that of the river 
Bride, is said to partake of a similar composition to that 
of the northern side of the 1^ hick water near Lismore, namely, 
that of green clayslate, yellow sandstone, and coarse red 
slate, forming in the centre of tlie ridge an anticlinal axis, 
the sandstone conluijiing calumites^. The anticlinal axis I 
have not seen, the dip which I observed being throughout to 
the south; while in the composition of the ridge 1 found 
moreover numerous varieties of grey wacke» slate, quartz^rock, 
and sandstone, frequently of a reddish-brown hue, also of a 
yellowish and whitish cast, and many coarse conglomeratesy 
containing fragments and pebbles of considerable sizeQ. 

Having arrived at the valley of the Bride, it is time to 
advert more directly to the narrow stripe of brownish-yellow^ 

* But wliidi in tb0 new imp \» now called old red Mnidftone." 

f "Outline/* p.7,note, and ICighth Report of the Hritivli Association, p. 82. 

X Both in the valley of the Blackwater and th:it of the Snire, Mr. Cirif- 
fith appears to me to have coufoundcd togetiier the siatc clay of the car- 
boniferout limestone with the clejMste of the tnorition teries. 

% Big^ Report of the British Association, pp, ^ 88. 

II Memoir on the Soath of lrdand« Qeol. TiiuM., voL v.» lecond smief^ 
§20. 
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which (as HKlicative of old red sandstone) is made everywhere 
to surround in symmetrical order the liokied bands of lime- 
stone which occur in the south of Ireland, (save and except 
those of Baotry bay, Skibbemn^ and Courtmacshenry 
and whieb is also introdaced in the vale of the Blackwater and 
Dttngarvan* as anderlying the limestone there. Old red sand- 
stone is not within my oognizanoe in the positions indicated $ 
and the occorrence of a grey or yellow sandstone with some 
calamites is another question. For I contend thnt the old 
red sandstone formation, in the 1* L;iiiinate sense ot that term, 
nowhere passes to the south of the river Blackwater; and 
the two districts of that iormaiiou which occur in Kerry, 
namely, in the Slieve Meesh range and Kerry head, lie north 
of that parallel. 

Doubtless influenced by similar systematic views^ Mr* Ori& 
iith represents the whole series occurriny between the vall^ 
of the Suire and Cork head as consisting of a regular se- 
quence; which taken in an ascending order between the 
iSoire and the Blackwater, is said to be composed of grey- 
wacke and slate, conglomerate, quartz-rock, red slate, yellow 
sandstone and sandstone-slnte, f^recn slate and limestone; 
and that in traversing the country further south, between 
the vale of the Blackwaier and Cork head, we meet only 
with a repetition oi the suiue succession between the ditlcrent 
bands of limestone encountered in our pio^ressf. 'i'iiat all 
these rocks are to be found in Uie sequence ttiere is no doubt; 
but I know of no such regularity of order as is proposed, and 
excepting wholly the old red sandstone formation from the 
series, south of the Monavoullagh range. I must also remark 
that the disposition of the rocks as given does not correspond , 
with the results of my researches, and that anticlinal and 
synclinal lines appear to be introduced where there is no proof 
of their existence. I advert iu particular to the three bands 

* But in the new map, these limestones are also bounded by the 

brownish-yellow stripe, which likcwliie is made a border to what is dea^ 
nated as reddish-brown " old red sandstone," wherever the latter is arbi- 
trarily introduced, e. g.,at the heads ofKenmare and Hantry bays, 6:c., where 
certainly no old red seodsCone has been seen tqr me. Again, on the western 
side of the Lower Lake uf Killamey, extending westward on the south side of 
the river I. nunc, Mr. Cji ifiith confounds with the oUI red sandstone, the red 
conglomerate, sandstone, and red !>late of the transition series, which pre- 
vail in that quarter, and are well exposed in the pass to Dunloe Gap, alt 
dipping south, yet subject to some inflections*. 

t Proceedings of thr r?pol. Soc, May iJi, p. 13/; and Journal of 
the Geol. Sue. of Dublin, June 13, pp. 8G to 88. 

* GeoU Trans.* vol. v., second series* Memoir on the South of Ireland* 
§10. 

FhiU Ma^. S. 3. Vol 16. No. 103, Aj)i U iblO. U 
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of limestone, with their bounding schistose and conglomerated 
rockb, wliich in their range traverse Cork hnrbour, and which 
according to my observations are all in parallel position, with 
a dip to the south ; but Mr. Griffith represents them as forming 
snocetsive troughs, with €orr«8poiiding anticlitMl and syncliii2 
dips, of which 1 oertainly have no knowledge. In ono «iaen* 
tial point* howavery waareagread* aamaly* thatthata parallal 
bands of limestone show, wherever exposed, an interstratifioi* 
tion with the adjacent dayslate, both roekt exhibiting in general 
tlie same organic remains; which are also contained m the clay- 
slate still further south, on the north side of Ringabella inlet, 
and again on the same })arallel to the west, adjacent to the 
rond leading from Cork to Brandon, lint in the clayslnte 
and sandstone subordinate to it are found ilso vegetable re- 
mains, showing a further aualogv to similar l oeks north of the 
Bride, to those north of the olaokwater, and at Dunmore 
head in Kerrv. Mr* Griffith has given ut a liit of tmnridon 
fostils which he had oollectad al Ferritei's cove; and another 
Ibt of those he had obtained from the limestone and clayslate 
of Cork harbour, at Roitellant Rinnisktddy, &c. Of the let* 
ter Mr. ISowerby has pronounced some species to be the same 
as occur in the carboniferous limestone, and others to resem* 
ble such ns are found in the older stratified rocks of Devon* 
shire ; and it might be added also such as occur also in Ferri* 
ter's cove and in the Silurian system, e. g., LejH(cna {Prodiwta) 
lata, Leptana depressa. I may also add, as a lurther analogy, 
tliat in the older stratified rocks of JJcvori and Cornwall, ve- 
getable reniains are likewiae met with ; e. g., in Devon at ob* 
served bjr Major Harding» the Rev. D. williania» P ^ ro fc Mo r 
. Sedgwick, and Mr. Mnnihiacn ; and in CSornwail by Pro* 
fessor Sedgwick, as noticed by Mr. Ansted in his paper OB 
BwhiipkMitn * (the Cfymenia of Count Miinster.) 

Every addition to our knowledge is *. aluable, and I trust 
"Mr. Griffith will continue to employ hands in the south of 
Irelatul in collecting fossils, for which he possesses so many 
opportunities. 

I have now to advert to Mr. Grilluh*s section in the Dingle 
peninsula, in the west of Kerry, which in no part exactly ac- 
cords with my observations. In this section the vertical 
scale is to the horizontal scale as five to one. But the por- 
tion which more immediately daims attention is that which 
extends from the summit of the old red sandstone of the 
Slieve Meesh range f to the carboniferous limestone in the 

• Cambridge Phil. Trans., vol. vi. 1838. 

f Culled Cahirconretby Mr.OrilBlii, but wh k fa dcno mi oation I concdve 
to apfklyttricUy totbemountvafai^ttrttdniigtottie weitofBartrigoa% 
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vicinage of Castle island. The former is represented as con- 
stituting merely a cap or sheet formed upon an inclined plane 
from west to east, the strata corresponding, and succeeding 
each other in that direction to the junction with the carboni- 
ferous limestone. I know of no such arrangement. On the 
conUary, the strata of the old red sandstone are accumulated 
to a grwt depths and certainly in some qaarten at least to the 
level of the sea, if not deeper, being disposed in a gendy 
arched form from north to south, as may be well observed in 
the defiles and glens which penetrate fron the north into the 
interior of that mountain range*. In this series I have not 
observed a general dip to the east, the strata even in the most 
eastern quarter ''including beds of red clny and red slaty clay) 
still preserving the flat archeii arrangement from north to 
south; and it is only at the eastern foot of Slieve Meebh that 
other beds appear dipping to the east of south, and which 
from their dissimilarity ulLugethei to ilie old red sandstone 
fonnaUon of the Slieve MMsh range, I could only view as a 
protruding portiofi of the sul^acent transition rocks continiied 
irom the west I know of no organic remains to invalidate 
this conclusion. T!^8piriferiti Producta^ Tenhrattda^, and 
Crinoidea that I met with were too indistinct to admit of do* 
termining the species, but I am mistaken if there be not an 
Ort his am on (T (he number; while the Favosifes wliich I no- 
ticed 1 apprehend to be I'.Jidrosa. This eastern foot of the 
Slieve Meesh is represented by Mr. Oriiiith as composed of 
a succession of beds of yellow and grey quartzy sandstone, 
dark grey clayslate, sandstone, dark grey clayslate, grey 
quartzy sandstone, alternating limestone and greenish day* 
slate, against which the carboniferous limestone is exhibited 
at abutting in unconformable position f* The sandstone ii 
stated to contain calamitei^ ana the general series to abound 
with the casts of fossils^ whose distinctive characters^ it is ad«» 
mitted, it is difficult to recognise, but among them are Pro* 
ductOj Spirifera, TerebratideSj Crinoidea^ and corals ; and the 
upper beds of the greenish ixvev clavslnte nre said to be identi- 
cal with tliose %vhich occur akernating wilh Jiiiiestoue in the 
peninsula of Muckruss. 1 confess I have not traced any such 
unhrterrupted succession as is here described, the country in 
general being well covered up; but if we suppose it to be 
correct, there is no direct proof that such succession belongs 
to the carboniferous series. TVom the quarry which 1 have 

* Memoir on the South of Ireland, 10, 1% 49, in Geol. Trans., voKv** 

second seriff . 

f Jburoal of Geoh See. of Dttblin, vol. U. pp. 81^, 83, and the lower seetum 
in plate iv. 

U S 
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described ;U Riversville on the riglit bank of the Maine *, a 
low ridge crosses that river and extends some distance be- 
yond it, in which 1 could discover traces only of the grey- 
wacke formation, and around which the carboniferous lime- 
stone of tlie vale appears to sweep on the north, east, and 
southj in nearly horizontal position, wherever exposed in 
the adjacent ouarries f. For these several reasons my view 
necessarily diners from that taken by Mn Griffith. 

From tKe preceding it will be inferrad that I do not tat^ 
aider Mr. Grmith's representations as in any respect invalida- 
ting the conclusions to which I have been led, as exhibited in 
roy memoir on the south of Ireland. The day is past when 
it might be authoritatively pronounced that f^uch and such % 
limestone is carboniferous merely because it contains some 
fossils that are common to the latter. I h:\ve entered nt some 
length into this subject in my memoir on the south of Ireland 
and in the Lond. and Edin. Phil. Mag. for August I SiOj to 
which 1 beff to refer. But I cannot avoid iiolicint; in this 
place, as a case in point, the communicauuu made by Mr. 
Austen to the British Association, at Birmingham, in August, 
1889, respecting the fossil remains of the Umestones and 
slates of South Devon}* which in its seneral views so well 
corresponds fiith the tenor of my puUicatioo in the Lond* 
and Edin. PhiL Mag. of the same months although our re* 
spective observations and inferences were made independently 
of each other, Mr. Austen c<mcdves that a great identity 
of ^)ecies can be established b^ween the Radtaria, MoHusca^ 
and Crustacea^ of a portion of the Rhine and those of South 
Devon ; and he states that both districts present many forms 
of animal structure, such as in this country we should call 
carboniterous, and that of forfy species which were enume- 
rated, some were hardly, and some not at all, to be distin- 
guished from those of oni mountain or carboniferous limestone. 
Mr. Austen considei s as the geological equivalents of the 
slates and limestones of South Devon those of the Rhine and 
Eifel, and that strata in the south of Ireland are of the same 
affe ; observing also that many of the same fossils occur at 
Ndbon and St Sanvenr in Lower Normandy. He renMrks 
also that oltf t^d sandstone is an unfit name tO desimiate^ie 
limestones and roofinff slates of South Devon, or the white 
sandstones of Lower rTormandy and Brittany. To which I 
may add, that it is also inapplicable to the older stratified 
rocks of Ireland. 

• Memoir on the South oflrekntl, § 1.3. t /^^|<51. 
I See AtheuKuin of August ^l, 18^9, p. C^l. 
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I may iieici approniiatel)' advert to the remarks made hy 
Capt. Portlock, R.E., late Presideiit of the GeoK Soc. of 
Dniilin, on Mr. Griffith's arrangement of the strata hi the 
south of Ireland, as well deserving of the attention of the 
latter** He observes, that Mr. Griffith's transference of 
those strata which were formerly designated ns of the transi- 
tion epoch to the old red sandstone, must be considered as 
springing from the generalizations in Devonshire of Professor 
Sedgwick and Mr. Murchison. To those generalizations I 
have objected in the })aper referred to above in the Lond. 
and Edin. Phil. Mag. for August 1839 ; and I have already 
stated thai Mr. Austen started similar objections in the same 
monUi. But we may proceed a step fhrther, and show that 
evidence is not wanting to prove that the older stratified rocks 
of Devon and Cornwiul belong to an ancient transition series. 
The genus Clj/mcniaf discovered and determined by Count 
Miinster in the Fichtelgebirge* occurs also in Cornwall and 
Devon accordin^to the observations of Mr. Ansted, Professor 
Sedgwick, Mr. Murchi'^on, Mr. De la Beche, and Professor 
Phillips. In flic Fichteigebirge the Clymenia! are accom- 
panied by Gonial itcs also, and Count Miinster enumerates 
fourteen species of the former and twenty-six species of the 
latter, together with one liundrcd iind eighteen species of 
othtf fossus; namely, Drilobites H species, Serjmla 1, Bel' 
krophon Sf Orthoceras 22, Gasteropoda 31, Conchifera 43 
(among which are species of Orfhi$ and Terebrattda^ but no 
Spiriferoy according to M. Von Bucht)f Crinoidea 4* This 
tract is referred by Count Miinster to an ancient transition 
series, the Clymeni(C being confined to it, and not occurring 
in the upper strata of the country, namely, in the carbonife- 
rous limestone:}'. Von Buch also con'^^iders this tract and the 
environs of Prague as belonging to tiie more ancient strata of 
tlie transition epoch, and as being perhaps the oldest of that 
class to be found in Geiniany§. Aiid M. Beyrich makes the 
general observation, that Clt/menia appear restricted to the 
older transition strata, not having hitherto been met with 

• See pp. 25 to 27 of the President's Address, February 14, 1830, in 
Journal ofrieol. Soc. of Dublin, vol. ii. To Capt. I^Drtlork '.vr arc in- 
debted for the discovery of a sinall irauj»ition dbtrict in liie county of Ty> 
rone, which embodies several fossils commao both to the ISIufian r^pon 
aadto certain transition tracts in North America, Ibid. pp. 28,30. 

t BuUeiin dv la SociiU Gioiogiquc de France-^Sitmce de Mars, 1836. 
Tome vii. p. laC. 

X Bayreuth, 1839; nnd Jmalei de§ Seienee$ NahirtUet, 66eond» g^e. 

Tome ii. ]«,'^4. 

§ BuUetin de la SocUU Ueoto^ique de France — Seance de Man, 1836. 
.Tome vii. 
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either in the later transition limestones or in the carbonife- 
rous limestone; while Ganiatiiet on the other hancl» he re- 
marks, are widely spread in strata both of the transition and 
carboniferous epochs, extending in the latter series into the 
coal formation^. Now, at South Petherwin in Devon, Pro- 
fessor Phillips lins ascertained that nt least four species of 
Cli/menia occur, undoubtedly belungmr^ to the same group 
as is found in the Fichtelgebirge, uud among these one is 
identified as the Cli/menia l^igata of Count Miinster. "With 
these lie notices also two species of Goniatites, one of which 
belongs to the same gioup that occnrt ha the Fichtelgebirgef. 
Bat we need not rest here: other decided transition fossils 
are met with in the older stratified rocks of Devon and Com- 
wallf e* various species of Ter^atida and Airypa, namely, 
such as occur in the transition tracts of Sweden, in Gothland, 
&c., together with species of Orthis, Ptcrinen^ Leptama lata^ 
&c., for the prenerai list of which I refer to the work of Mr. 
De la Beche already cited, as well ns to tlie observations of 
Prolessor Sedgwick and Mr. MurchisonJ. I cannot doubt 
tliat more extended researches in Devon and Cornwall will 
vastly iucica^e the list, and yet bring to light many facts of 
high interest^. 

while on the snhjectof thedutribution of oi)ganic remains, 
I will add a lew remarks on that of G<miaHU$ in particular, 

* Ueher die im Rheinitchen Uebergangsgebirge vorkonmenden GonieUUen, 
p. 22 (Beitrage, 1B37). See also a tran&lation of thU Memoir in the An- 
naif of Natural History for March and May, 1839. 

t See Mr. Dc la Bcche's Geological Report of Comwallt Devon, and 

West Somerset, pp. 69, 60 

I Frocccdings of Geol. Soc, May io^ttj and Load, and Jjklinb. Phil. 
Mag., Aprin839. 

§ It IS remarkable thnt Prof. Scd'^nvick formerly considered the strata 
containing the fossils that have been indicated (and which include also TrUo- 
hUet and OrihoceratUrt),H^ the lowest fossiliferons rocks in Devonshire and 
Cornwall". And vet, according to a later view, originating in the sugges- 
tion of Mr. Lon fale, Prof. Sedgwick and Mr. MurcbisoD now include ull 
the older stratified rocks of Devon and Cornwall under the head o( oid red 
nmditone ; and to this view it appears Mr. Greenough has been led to 
conform, as shown by the colouring of those tracts in the new edition of 
hi'; ncolnrrifnl Map of England and Wales, Viewing? the snhject, ns T do, 
With the eyes both of a geologist and a miner, I niu&t here, with all respect, 
rapett my protest againit any such generalization, such appearing to ne 
contrary to all analogy, and as only tending to confound subjects essen* 
tially distinct. The dcMpnation as Drvnnian might not ho rqnnllv objec- 
tkinable, as that does not uecestariiy bind us to more than what we actually 
encounter trithin the Umia of the older ilralified rodif of Defon end 
Cornwsll, retpeeting which, bowever, we yet require maeh sddidonel in- 
formation. 

• See Mr, Anited in Cambndge Phil. Trans., vol. vi. p. 4£S, )b36; and 
Rof. Sedlgwick in Proeeedings of tbeGeol, Soc, roL ii. p. 683, May im. 
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In tnnsitioii and cftrboniftroMs itimUk If w« mnpm to* 
mlMr the labours of M. Von Bach« Gbunt Miinster, M. 
Seyrich, and Profeisor PhilUpSy on this snbdiTisioD of tho 
tribo of the Ammonites, the general result U that in the older 
transition rocks the Goniatites met with possess a simple dorsal 
lobe, whilst those which occur in the carbonircrous series have 
a divided dorsnl lobe. If this observation were rigidly exact, 
it niiL^rhi be adopted as a distinctive chfiracter !)ctween strata 
of the transition and carbonilei ous epochs resjiectively ; and 
it mis^htalso be inferred that liinestones wiiicii contain Gonia- 
liie^, bome of which possessed a siniple and others a divided 
dorsal lobe, might be considered as occupyin^^ an intermediate 
stalbn, that is^ as belonging to the lotor portion of the tronsi- 
thm sorfof « Bat hi nail&ar oose does the rula imeor to hold 
wttliout oxcaptiona. Thu% of the t8 spoeiM of Oonkdtes 
noticed by Count Miinster in the Fichtelffebirffe, the 22 ffonr 
being doubtful) which are strScdy doflnsd and figured, have 
all a simple dorsal lobe; but two other speeieeare figured by 
M. Von Buch, as derived from thence, with a divided dorsal 
lobe, namely, Ammonites incequistriatv^, tab. ii. fig. 10, and 
A, semistriatuS) tab, ii. fif^. 1^*. Of 8 other species described 
and figured by Von Buch, and referred to but not inured 
by M. Beyrich, 5 are found in tran^^ition tract*?, mid lour of 
these have a sinijjle dorsal lobe, and one a divieled tlorsal lobe; 
while of tlie iliree species iound in the carbuniterous series, two 
luife a simple and one a divided dorsal lobe. M. Beyrich has 
deo o ri b ed 18 spedesof Gonfotllil^ and 14 of these «re figared» 
but in Ifl only ore the dorsal ond lateral lobes glveni and 
10 of these which ore derived from transttloo tracts, lire have 
a simple and five a divided dorsal lobe; while in the two found 
in the earlionitom series the dorsal lobe is divided. M« 
Beyrich enumerates (including the el^ht new species desig* 
nated by himself) altogether 42 species of Goniatites, the 
greater number being derived from the researches of CJount 
Miinster and M. Von Hiich, and a few from the descriptions 
given by Protestor Goltlius> and MM. Martin and Sowerby. 
Of this list lour or five species only are referred to the car- 
boniferous series. Professor Phillips enuineiaLes 33 species 
of Goniatites as occurring in the carboniferous system of 
Great Britain and Irelandf • Of these he has represented 
the dorsal and hMral lohee of M spades, out of which Si 

• Von Bach, I7«&rr OomaHten, \n tfaalVanMcti'oai of the Roysl Aesdemy 
ef Sciences of Berlin, December 15, 1831. 

t Illustrntions of the Geologj of YflriuUi% psft ii« Ifidtib Momtsia 
iMMttoae Diitrist* 
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possess a divided dorsnl, and three a simple dorsal lobe. Of 
the 3S species, SO are first made known to us by Professor 
Phillips; only three of them having been previously noticed 
by authors, namely, Goniatites sphccricm (Mart.)| Gon, Lis- 
ieri (MarL), and Goji. Hcnslowi (Sow.) 

I nave no doubt, that Professor Fh]lli|Mt who is so well 
qualified for the task^ will give due attention to this subject 
in Devon and Cornwall ; and it wOl be interesting to learn 
in what degree the Goniatites of the carboniferous limestone 
in North Devon, near Barnstaple (e. g., at Swimbridge, where 
they abound), differ from those found in the transition di- 
stricts ofSotith Devon and Cornwall, The same subject de- 
serves attention in Ireland^. 

To M. Von Buch we owe the first precise distinction be- 
tween Nautili nnd Ammonitesf. The range of the former 
extends, it is well known, iVoni tlie ukkbt lo tlie most recent 
of the fossiliferous strata, the genus being still in existence. 
The Ammonites^ on the other tiand^ though equally ancient 
in ongin, do not in their range pass beyond the limits of the 
cretaceous group. To the same distinguished naturalist we 
owe the distribution of the Ammonites into 14 faniilies|} the 
first and oldest of which, the Goniatites^ are characteristic of 
the transition and carboniferous epochs, not extending be- 
yond the coal formntion ; the second, the Ceiatiles^ appear 
confined to the niuschtlkafk ; while the remaining 12 I'anu- 
Jies are distributed tln uugh the series of foruiaiions extending 
from the lias to the chalk inclusive. But we are indebted, 
prioiarilyi namely, in I8S89 to Professor Bronn of Heidel- 
bei^ for the important observation so conducive to the di- 
stincdon of fiirmations, that no Ammonites with denticulated 
lobes have been found in strata of the transition and carbonip 
ftrous seras, such being confined to the Ibrmadons of a later 
origin. This remark was publidy made known by Von 
Buch in 1829, nearly at the same time that M. Elie de Beau- 
mont was preparing to announce a similar observation made 
by himsell ; and the remark was shortly after contirmed and 
generalized by Count Milnsterj. 

* Count 'Miinster considers his Goniatitet ovaiut, ibund nt Gottendorf 
and Schleitz in the Fichtclgcbirge, to be ihe mme m the FJ/ij).u>fih's (Xau- 
Hlut) ooaiiu of Sowerby, which occurs in the Cork band of limestone. 
And be in^ret whether «oine odier tpedes described at Nautili by Mr. 
Sowerby might not prove to be Goniatites, 

f Jnnahs dcs Sciences KnlrtrrUrs, tomevii. premi&rc serie, 1829. 

j Annaiet dcs Sciences Natiirciiest tume viii. 1829j and Transactions of 
the Royal Academy ofSdences of Berlin, April 1, 1830, Ufber Ammo* 
niten in den aliercn Gebirgs-Schichfen. 

§ Yon Bucbt iUtcr Gimaiitent December 16» 1831» in the Transactions of 
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M. Deshayes, however, has lately remarked that trtie Am- 
monites (with deodculated lobes, I presume) have been found 
in sfrata more nncient than the coal formatioa, namely, in the 
environs of Tournay *. 

In reference to mv successive memoirs on the east and 
south of Irehmil, I will here add the general remark, that it 
bus been my endeavour in both to embody in few words the 
results of pnifiUcal experience and observations conducted at 
intervals in that country during a lapse of more than forty 
years; and in laying them before the public, it has been my 
olject» in both cases, to exhibit through the medium of con- 
densed abstracts a compendious view of the relations of the 
tracts described, thus relieving the reader from the labour 
and tcdinm of passing throii<^h tlic ]irot!;rcss!ve steps of ex- 
tended researches, l liai a niuiulc tx animation ol the ground 
■whicli I have trodden may lead to lurt her discoveries, par- 
ticularly ill respect of the distribution and number of the 
organic remains, I am far it urn disbelieving, and I bUuii be 
ready to hail llieir apfiearance with pieasure; hut as in the 
devdopment of the main relations of the mineral masses I 
Jiave endeavoured to be exact, I may be excused if I do not 
anticipate any very great accession to our knowledge in the 
latter respect. 

[To be conlinuod.] 



X,. On the Cotnbinaii(jf s of Carbon xvtih Silicon and Iron^ 
(nifl other MetalSi /onniri^ the different Species of Cast Iron, 
Steel f and Malleable Iron. By Dr. C. Schafhaeutl, of 
Munich, 

[Continoed from p. 50.] 

T SHALL now describe another action of acid bodies on 
iron, which lias much resemblance to that which is exerted 
by the action of sea water on it. 

I poured over a parallelopipedic fragment of tilted but very 
tender and indifferent razor-steel^ in a tea>cup, concentrated 
hydrochloric acid. After the action had for the most part 
ceased, I changed it for fresh acid» and all visible action of this 
fresh acid had ceased the next day. Tlie cup was preserved in 
this state without being disturbed for nearly two months. After 
this lapse of time I found the fragment* apparently unchanged, 

the Royal Academy oi fc'ciuuces of Derliu, published, with tiic iiretutiii.g 
Mesioir, in 1832. 
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surrounded by a ring of black sediment, about a quarter of an 
inch distant from it; this rinn-, which was about three-qimrters 
of an inch broad, was formed of rays tending towards ilie 
cenU'G of the cup nnd having scarcely anv conm.xion be- 
tween them; the opposite end of the fragment, w inch lay in 
the magnetic meridian, was covered wiiFi librous buiidles of 
ihe black sediment like the pole of a magnetic needle dipped 
ioto iron filings* I deoanted tlw liquid In older to wm tbb 
nmuuning fragment nnd to ifee it from iti black oowing ; 
but on touching iCy I found it converted into a toft black pG^ 
tdc aubscanee. Imposed to the air, it soon changed ita black 
appearance to that of brown, and attracted very rapidly 
moisture from the atmosphere, until it became nearly liquid. 
Hydrochloric ncid heated did not appear to act upon it ; ni- 
tric acid first evolved some nitric oxide gas, converting it 
into a brown pulfiy mass of a greater volume; nitro-nuirintic 
acid at a boiling heat dissolved it almost completely ; it niched 
before die blowpipe, after disengaging copious fumes, into a 
ffiobula of silicate of iron, strongly acting upon the magnet. 
Twenty grains of it bnmt with chtoeaale of lead and chlorMe 
of potassay developad carbonic add gas^ asoie^ and watar, 
Th« greatest part consisted of iron, but only a tnea of aiUca 
was sepamtedy too small to be Wdgbed. 

This leads me to the consideration of a paradoxical phMOUM* 
non consisting in the insensitiveness of iron to the action of ni- 
tric acid under certain circumstances; a phfvMionienon which 
has hitherto excited so much attention, ami has been attributed 
to an electrical inactivity of the iron itneif, or to a film of hy~ 
drogen or binoxide of liydrogen protecting the surlace of the 
iron. We iiuve seen that when a considerable nia^ of iron 
is attacked by ackls a black skekum always reoiaini^ which 
very anickly changes colour whan esposed to the air. We 
have further seen* that cast ironf which is a mixture of carbu- 
ret of iron and suicon) is even attacked by hydrochloric add 
on the surface only ; that is to say, that as soon as the surface 
Is coated with a pellicle of that black or brown residuum 
which we shall soon more nccurately describe, all action of 
the acid and all evolution pI iiydrogen apparently cease; but 
\ve learn from the latter experinient that in time an invisible 
action always takes place, by which the mass of iron is blow ly 
decomposed, and the icuiainder assumes a dill'erent shape ac- 
cording to the concentration or the different chemical proper- 
ties of the add itself. 

When Um liquid in which the iron ia immafaed contains 
free acid» the deoomposition of water stops as soon as the irai 
is eovwsd with a pailide^ whkli pfUMiila the doae eontact of 
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• miM of inm with r ribm of acid, and allows only a sefuirated 

inolecLiIar contact between the iron and the ncid. 

When the liouid contains a great deal of Jree acid^ after the 
evolution of hydrogen has ceased, and the air has free access 
to it, tlie residimm, nfter the following invi«;ible action has 
ceased, \m11 he more or less plastic, if thu iiqiiifl contains 
ven' little IVee acid and the air is excluded, n basic proto- 
cliloiiile of iron is formed by the liquid attacking only the 
carburets ot iron, leaving the sulphurets of iron, the carburets 
of silicon, and the higher carburets of iron, as a skeleton be- 
hind; a timilar eflhct takes place when the solutions contain 
only ehloridee of magnesium and sodiam. When the air has 
access, the metal becomes oxidized by the air contained in the 
liquid, and forms invariably basic salts with the chlorides in 
solution, which, when washed away (as is the case when iron 
is immersed in the sen\ the skeleton of carburet"? of iron, sili- 
con, 8cc. remain behind, which, from its highly sponp^y na- 
ture, conden.scs and compresses in its pores, when exposed to 
the atmosphere, atmospheric air in great (quantity; part of 
the iron is oxidized, and when the iron is in very large masses, 
the temperature is generally hicreased to the boiling point. 

The accicm of oxygen, by the presence of acid and water^ 
on a solution of chlorideSf presents one of the cases of chemi- 
cal decomposition by which two or more chemical bodies enter 
Into a new combination by the sole presence of another che- 
mical body, which during the whole clecomposition remains 
entirely nnchnnf^ed. Berzelius explained this by a reference 
to a new force, which be cnllcd cafalijticjhrrr. I sfiall, in 
another phice — in my theory of '■^ the final action oj chonical 
forces" — endeavour to demonstrate, that in f^ict ?m chnnical 
combinations of two bodies takes place without the catalytic 
presence of a third, or in fact, that all chemical combinations 
WBd decompositions are produced by eatalj/tic force. 

All cast iron, when dissolfed In acids, pro? ided the firag* 
nents retain their ibrm after the action has ceased, show, after 
being washed on a filter, the same property of condensin||alr 
in their pores, and of increasing the temperature by the oxida- 
tion of the iron left in a lower state of carburation. If the li- 
fjiiHl contained very ftffjr Jree acid^ very soon n bn«;ic snlt is 
forniet!: nnd where tlie access? of air is prevcuted durinrr the 
progress of the sulution, tlie remainder, when placed on a filter, 
oxidates extremely rapidly, and a hydrate of oxide of iron goes 
with the water through the filter, even alter a week's incessant 
washing. Himilar and often highly-interesting resulta are ob- 
tained by a peculiar sort of chemical action, wfam one body 
slowly separates from others, by combiiiliig with a thunlf wtthK 
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out setting the remaining parts of the compound in perfect 
freedom, and eiiables lliein to replace the h>st body by another 
chemical equiv;ilent. or to allow liicir molecules to follow their 
own attractive tendency, and to lorm, after being set free^ ft 
new indi vidiiiil body for themselves. 

The acUun ol bodies in their utmost molecular division is 
quite otherwise than when their molecules had been sufficient- 
ly moveable. to follow, after separation^ their own mutually at- 
tracdve forces and to neutralisse them in one centre. 

A body whose chemical force had been neutralized by an« 
other, now deprived of that neutralizing body, without having 
sufficient freedom of its molecules to follow their forces of 
mutual attraction set at once at liberty, is in the state of a body 
surrounded by an atmosphere of electricity and in a different 
relation and condition of tension to the surrounding bodies. 

This relation is visible in all bodies placed under buch cir- 
cumstances in couiact with otiiers : the instance of the reduc- 
tion of iron at a low temperature by a current of hydrogen is 
well known ; the following fact seems less so* A lump of mal- 
leable hammered, or rolled iron raised to a white heat, over 
which water is poured, exerts a very feeble decomposing power 
on the water. Let us now take a similar mass of iron out of 
the puddling farnace^ just ready to be placed under the ham^ 
mer, and pour a basin of water upon it. No hissing noise is 
perceptible, no j^rencration of steam visible*, mu\ the water is 
at once decomposed, the dames of hydrogen enveio])iiig the 
white-hot ball and rising very often to a height of four or five 
feet. 1 need scarcely remark, that the iron taken out of the 
puddling furnace is in the same state as iron treated with 
acids; a skeleton of each grain of cast iron remains, with this 
diiGferenee only ; that with iron treated with acid, electro>posi* 
live metals are partially removed from the compound ; but by 
treating cast iron in a puddling furnace, the relative electro> 
negative bodies are taken instead, without destroying the me- 
chanical texture. A few strokes of the hammer destroy this 
property of the white-hot iron. 

when a consiituenL of a decomposed body is separated 
from anoihor, in a solid state, by chemical action, the so-sepa- 
rated body lievei leit in the same state as that in which it 
existed when forming a corresponding part of another body ; 
and each body set at once free by chemical action, with per- 

* On the subject of tlie subitaneoiis formation of steoDi by red-hot or white 
puddling slag, oxide ol" iron, and malleable Wou, I mentioned some cu- 
riouti instance^) in my paper " On the conversion of water into >;tean) at 
the higher degrees of temperature," &c., in the Mechanics* Msgssioc^ vol. 
uz. pp. 138, end 339* 
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lect liberty of its molecules, combmes with other bodies or takes 
a new form c^very different quality, under which all precipi* 
tales, separated from the solvent liquid, exist. 

In my theory of The final action of chemical Jbrces*' I 
shall endeavour to show, that one ^ the first principles of 
the formation of the productions of animated life is in fact only 
an action of the before-mentioned chemical forces under difjer^ 
ent circumstances^ wiiich may be expressed lu the bhort sen- 
tence: exhrem^ Jine dmsUm (molecular sefmration), during 
an uninterrupted motion. 

When very gray cast iron is treated by hydrochloric acid» 
the residuum is a white substance, mixed with black scales of 
graphite, which Karsten considers as being mechanically 
mixed with the mass of the iron before solution, and contrasts 
it witli the black precipitate which separates from white cast 
iron, which has a dull earthv appearance ; luit wlien this so- 
called tliill and earthy powtier of white cast iron is produced 
by a tolerably diluted .leid, and viewed, while still in suspen- 
sion in the liquid, under u ceriaiu an^lc ol visiuu, all the 
small particles appear to connst likewise of scales, as we shall 
hereafter Dercetve, which reflect the li^ht with the same power 
as the scales of graphite^ their only di£ference from them con- 
sisting in a different chemical composition. They are there* 
fore more easily decomposed^ and apt from their softer nature 
(o adhere rather closer to each other, in which state their 
scaly or foliaceons nature is not so ensily to be discovered. 

To ascertain the relative conibmalioiis of the elementary 
constituents of tiie diii'erent sons ot iron of commerce, the 
treatment by means of acids is indispensable, and I prefer 
the hydrochloric and niuic acids to all utliers. 

The quantity and in part the quality of the different com- 
binations obtained by treatromt of the iron with hydrochloric 
add, depends a great deal on the density of the bocues brought 
into chemical contact* or* in other words* on their specific gra* 
vity. 

If irons of dlfTerent specific gravity are dissolved in hydro- 
chloric acid of the same specific gravity* the residuums will 
have a d liferent appearance. 

If fdings of Swedish iron, for example, double bullet iron 
of tlie specific gravity 7'810, is dissolvetl in hydrochloric acid 
of the specific gravity of 11 69 in eoiiiparibon with £nglish 
iron of the specific gravity 7*60, the residuum of Swedish 
iron will appear in distinct heavy grayish scales* that of 
English iron in brown flocculent rags, partly remaining on 
the bottom of the phial and partly suspended in the liquid. 
But if the specific gravity of the acid is increased^ the real* 
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ilijuiii ot the Swedi&li iroii will as^uuifc the same appearance as 
the Kugiish, and so in the reverse caMi; this circumstance ex- 
plains wby anebon madi of Eogliih iroiH dkiM^ tougher 
than tbote made of Swadiah iron, ara almoaC Ivnpa aa aooa 
destroyed by tba actkn of foa water* 

Tba MBie rala holds good* whan wm% w)k otbar ahaaiaal 
agentli is treated in the dry way. For iiistancet at the sama 
di^rccs of heat as those in which malleable iron of the specifio 
gravity T'* lins combined with the greatest qnnntity of cnrbon 
necessary for it to become liquid, — at the same degree teni» 
peraiure 8wtt]i>ii iron of the specific irravity 7*7 {called \ 
L), or 7*8 (called dtuibie bullet , jusL begins to crystalline, 
forming steel, urul ^iiiking down to a apeciiic gravity of 7*5* 

The quantity of the residuums of iron of the same descrip- 
tioii baara a f aty raawhabla raiatkm to tho spaeiflo gvafily of 
tba aaidi aa ia evtnoed by tba fidloving tabWi sboviog the dif« 
fereot quantity of nttdonnia of M graina of Walab mm Horn 
Ibo liftBst^ iroii»wor1c% qiaoifio gravi^ 7*407* 

Speeille gravity Ratldirani* Snlpbitret of Lead, 
of the add. 

1*160 . . . 6-770 • . . . 1«73 

M40 • • . 9-244 • • , . 1-71 

M03 . . . 1S'711 . . . • 1*703. 

Motded iron fromtbefofgesat AlaiS|departeinent du Gardy 
in the south of Fraoce : 

Specific gravity of ResidQam. Sulphnrat of I^ead. 
tba acid* 

M6 .... 7-51 .... 60fi 
Acid very much diluted 1 1 -42 • . . « 0*6475 • 
Acids still further diluted 21*49 •••• 1*015 | 

In the iborth example I poured water over the ffn^gnseiita 
of iron in a retort* the beak of which was connected with two 
bottles of a sohition of nitrate of lead, and I dropped only in- 
to the letort so much hydroc};h>ric acid a*< to cause a very j 
moderate evoUiiion of hydrogen. In the lust snmple I put 
only a few drops ui acid into the retort, just suf^icu ril lo cau^e | 
a Very slight attack of the iron. The third column oi ail tlie I 
samples contains the quantity of sulphuret of lead obtained. 
The evolotioD of gas oontinacd finr seietal da^s, and wban it 
oeaaadf the addition of add had no further f Isibla aflbet*. 

* A« T repeated 'be last experiment but one, I put some fragments of the 
cast iron io the up^r part of the beak of a new retort in order to witoeM 
die fStet, ef the evolving gas od iroe frDgnients. The aest ikf I ftniDd 
the fragments converted ioto a black crumbly and rather unctuous inns<, 
soaked with a jciknriih liquid, i^ichfttloaad it the glati. Oniieirer 
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By treating iron with diluted hydrocliloric acid, the sulphur 
e^cape'i nimosf entirely as sulplnirelted liydrogen ; the same is 
the case with antimony esr;ij)itiir ns antimoniuretted hydrogen. 
On tlie contrary, scarcely any puriion of the arsenic escapes 
wiiii the hydrogen. 

The ease is different when iron is treated with nitric acid. 
Whan fragments of iron are treated with nitric acid of such 
a specific gravity that the iron is moderately attacked in a re- 
tort whose beak is connected with a solution of carbonate of 
barytas and acetate of copper or lead, and only a slight evo- 
lution of binoxide of nltrofren takes place, the nitric oxide is 
then lir>t :^hsorbed by the air in the uppermost part of the re- 
tort, and a partial vacuum is produced which makes the liquid 
rise in the beak of the retort jieveral inches. A few hours af- 
terwards pure azote is evolved, acting neither on the carbonate 
of barytes iiur on the acetates or nitrates of metals. Shortly 
after» the evolation of gas again ceases, and after the action of 
the acid on the iron stops, a new partial vacuum is produced 
and the liquid is found to stand in toe beak of the retort several 
inches above its level. 

For example, I took 20 grains of dead gray cast iron from the 
forges of Creuzot, departemcnt de Saone et Loire, treated it 
with hydrochloric acid specilk gravity 1 1 *5» and leil residuum 

taik|iection I fouod those lujups covered with stalks of a black vegetation, 
exactly like the mould on Ink or aonr ctarch paste, and diftring only in 
colour i the stalks were from about a half to three>quarteri of a line in 
height, nnr! terminated with a little knob on the top. The nexi dny the 
little knob on the top assumed Bn orange red, and on further exposure to 
the sir, the italln became of the ttme coloar. 

Viewed through the microscope, these little mosses appeared opake, of a 
varnished yellow colour like the petal^^ of Everlasting, and Imving a lone 
cunred cylindric capsule on the end. The capsule was atternatciy expanded 
and centracted very lirailar to the duodennm of aiihnal«» and cunred into a 
circle, so that the end almost met the point when the capsule was attached 
to the stalk; and when viewed under the microscope superficially, the knobs 
apoeared to consist of a perfect riog fixed to the stalk. I found only one 
stalk, which shot forth two of these capsules from the same point* curved 
up just like the horns of a ram. No operculum could be discovered ; the end 
of the capsule was found perfectly rounded like a globule with rather a nar- 
row neck, and when pressed with a tiuc needle, ttie capsule burst, eniittiog 
extremely fine seeds, exactly like the genus Pkiueum. No traces of leaves 
could lie detecfcd, unlcs-^ wv reckon some entangled and iiiteiwovcn black 
filament on the surface of the decomposed iron. Not heini' 'nfTrricntly ac- 
quaiuied with the cryptogamic branch of botany, i am not ubie to decido 
-on the generic charecter of these imall vegetations. 

On the retort being packed up in moss and afterwards washed with rain 
water, the seeds of the moss must have been derived from one of thc^e 
sources ; but the most extraordinary circumstance is their becoming iixed 
in these decomposed fragments of cast iron, serving as a very fertile moald^ 
and growing lapkUy in hydrochloric acid gas and solphuretted hydragen. 
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= 7*08 {Trains. The same quantity of the same iron treated 
in die iibove-iueutioiiecl niannef wiili nitric acid of 1"10 spe- 
cific gravity leil residuum 3*24 grains ; no trace of sulphuric 
add could be discovered in the liauid. By boiling the re- 
mainder in a platinum crucible with strooff nitric aeidy die 
greatest part of the sulphur was separated, which adhered 
slightly as a yellow riband to the side of the crucible, and no 
traces of sulphuric acid were to be found in the solution. The 
sulphur thus separated from l*/).' grains of the residuum 
weighed 01 80 griuns, and this burnt on a platinum foil left 
O'lOO sulphuret of iron. That which the nitric acid had 
dissolved during the boiling was precipitated witli caustic 
aniuiuniu and consisted of 

Iron 0-4-4S 

Phosphorus . . . 01 55 
And left residuum • 0*81 
Humine .... 0*33 

We see therdbre that the sulphur had beeii in combine* 
tidn with the iron, approaching in this formula F* 8^ that is in 
a certain well-known state of chemical propoitions. 

Another remarkable circumstance is the difference of the 
products of solution according to the difference of the specific 
gravity of the acid, which throws a light on several chemical 
products, which arise from different degrees of concentration 
of chemical agents, and the varying prdducts obtained by the 
various degrees of heat. 

In hyihocliluric acid we iuivu a juxtajioiition of atoms of 
chlorine and liydrugen interuiixed with atoms of hydrogen 
and oxygen and the interposition of a certain quantity of 
atoms of water betwixt a certain number of atoms m chlorine 
and hydro^en^ alone determines how many atoms of the iron 
shall combme with chlorine to form protoefaloride of iron» and 
how many atoms of hydrogen shall form compounds with Cflt<* 
bon and azote. 

The description of the residuums left by treating iron with 
acid was always a matter of great spc culatioTi. Bur/.clius 
says the remamtlci t»t ilic soliUiun of nou in sulphuric acid 
was black, in hydrocliloric acid giay, and sometimes white. 

The colour oi' liie residuum, as shown, depends partly on 
the specific gravity of the iron and partly on its diemical 
oomjpoeition. 

Toe residuum of white cast iron prepared with coke aa- 
fuelf in hydrochloric acid b always brown» yellowish brown 
or greenish brown ; the remainder of very gray coke iron is 
always light gray, in diffisrent shades approaching to white. 

[To be contluo^3 
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X.I. Description of a Method of moviiv^ f he Knight over cveri/ 
square of the Che^F-h^ard, ivit/iout g()ing twice over niiif one ; 
commencing at ani/ given square^ and ending at a7iy otlier 
given square of a different coiow\ By P. M. RoaET^M./}.^ 
Sec^ R,S, 

[tlluttrated by Plate I.] 

To the £idUors of the Philosophical Magazine andJoumaL 

Gentlemen, 

TH£ problem of carrying the kiiiffht» in a course of hid 
own inoye% Ofer every square of the chess-board, with- 

out going twice over any square, has enframed the attention 
and exercised the ingenuity ot maliiematicians during the 
last iiundred years*. Even the great Eider condescended to 
put forth a portit)n of his giant sUtJiiglh in grappling with 
the diillcnUies it presents, and bringinrr it withhithe grasp 
of his powerful analysis f. Vandermoiide attempted to con- 
struct a general algebraic tbiinuk tor its solution^. Oiiiers, 
confining their efforts to the attainment of mere practical 
retnltsy have contented themselves witii the search of parti- 
cular methods of resdving the problem in Itrnttad cases, and 
under the simplest conditions only; such as that of being 
obliged to commence the journey of the Imight from a gi?eii 
square ; one of the comer squares having usnally been se- 
lected for that purpose^. The next step was the contrivance 
of methods fulfilling a further condition, namely, that the 
square at which the tonr of the knight terminates shal! be 
so situated as to be one move from the square from which it 
, was be^un. It is evident that whenever this has been ac- 
couiphshed, we have obtained a recurring or circular course, 
which the kni^lu might again traverse by contiiiuuus moves: 
so that such a course givui us the power of commencing with 
any given square whatsoever, and of traversing through the 
whom series of 64 squares, until the entire dronit b com* 
pleted. 

Various circuita of this kind have been devised, and d»» 
scribed in diffisrent memcnrst which hav^ from time to tune^ 
been pnblishedjl ; and the problem, under this form, has been 

• See Ozanam, Recr^tiotix Afathcmaluiues cl Physiques, noiivclle rdiiiou^ 
Paris, 1 750, toui. i. p. £60, where Dc Muntinorl, De Moivre, and De Mairan, 
are qnoted ss havinj; treated this subject. 

f Mcmolres dv T Academic dc BeTlin for \'Jo^, p. 310. 

X in a paper entitled " Rcmanpufs sur let Prohihncs dc SUuatitm,*' la the 
2^emoires de f Jcademe Roifak des Sciences, 177 It p> 

6 Thb is the point at which the problem is left by Ozanain. 

]] See Journal of Science and the Aft«»lii.7^. Marcb. 1817; and alto 
Edin. Phil. Journal. iv.Snj, ix. 23f>. 

FhiL Mag. & 3. Vol. No. 103. J^il 184^0. X 
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deemed to possess sufHcient iiueiest to iiiiliicei those who are 
curious in these matters to bestow pains iu inventing expedi- 
ents for impressing some particttlar circuit on the msmor/s so 
as to enable the possessor of this due to snide the knight 
through the mazes of his devbus route, without reference to 
chart or compass. In a memoir^ which has appeared in 
Frazer's Magazine for the present month*, which I have 
just now seen, a method is recommended for attaining this 
object, winch consists in desiL'natin^ each square in the board 
by a dirterent syllable, coniptjscd oF certain consonants and 
vowels, indicating tiie horizontal and vertical coin inns in 
which it stands. The whole series of these 64 arbiU ary syl- 
lables, joined into l(i words, pointing out the sequence of the 
squares in the circuit, but void of any other meaning, is re- 

Suiredtobe learned bv heart ; by an efiRirt similar, and not lest 
{stressing than that ov which we strive to gain possession of 
the chronological epodie of the kings of England, when com- 
mitting to memory the barbarous cacophonies of Ore/s Mt>^ 
moria TeekiUta* 

It does not seem to have occurred to any of those who have 
hitherto favoured the world with the results of their spcculn- 
tions, tliat the problem in question would be rendered more 

§enera], and consecjuently more curious, by imposing, in ed- 
ition to the unlimited assignment of any square for the com- 
mencement of the moves, the lurther condition that they shall 
terminate at any other given square of an opposite colour f. 
A tfreat many years ago, I contrived a method by whidi the 
prralem, in this new and extended fonut may be resolved 
with the greateit ease ; and the attention of the puUtc ha* . 
ving now been again celled to the subject by the last-mention- 
ed paper, I have thought that the communication of my 
method might not be unacceptable ; especially as it depends 
on a principle which not only furnishes the means of con- 
structing an incalculable number both of recurrent and of 
non-recurrent circuits, but also aclmils of very general appli- 
cadon to the problem of the knight's move. It is founded on 
the following considerations. 

Conceive the chess-board to be divided into four quarters by 
a vertical and horizontal line, both passing through its centre^ 

' • Entitled <«CbeM without a CbaM-board. by a CbsMpiayer;' p. 326. 

t That the initial and the terminal squares n)u»t, of neceMity, be of 
opposite colours, will be evident from the con^-ideration that, as the total 
number of squares, najiieiy 64, is an even number, and as the kniaht's 
move* are always alternately from white to blach, and firooi black to White, 
the terminal square mutt be one of a ififfereot colour from Ifaat at whidi 
the moves commeoced. 
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as shown in the central diagram in thegronp marked LEAP, 
Plate I. and let the squares in each quarter be considered as 
grouped together into four sets^ designated severally by the 
fetters L» A9 P ; thus. 
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B 
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E 
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L 


P 


A 


P 


A 




I, 



It is here to be observed, that each of these sets of squaresy 
marked with the same letter, constitutes a recurrent circoit 
of four moves of tlie knight. 

The squares in the other three quarters being similarly 
designated, as shown in the central diagram already referred 
toy it will be found that the several^ sets in each admit of be- 
ing coDBitfed by kn^tfs moretwith the commndingeets^ 
siaiilarly designated in the adjacent quarters. This is soowQ 
m the comer disgnunsi L, £, A and Py where the con* 
nexions among the squares of each set are marked by oUiqae 
lines joining their eentres^* The sets» thus oonoe^ed» odd* 
stitute four separate systems, of 16 squares each; and it will 
also be found that these 16 squares are so disposed that the 
knight may, in each system, perform the circuit of all its 
squares, beginning from any one given square, and ending 
at any other of a different colour, A few trials will soon sa- 
tisfy the learner that, in every case, this may very easily be 
aocomplished, and generally in a great variety of ways. 

It will next be perceived that the knight can always pass 
fnm any of the ttmuw^ (exceptiiw those sitnatod at tha 
oorners of the board) of one svsieni oenoted by a roneonealf 
to those of a system denoted by a vowel, and cootfaiiwise; 
(aa is shown by the diagonal lines in the four diagnuns iii- 
ftmediate ta the lbmier)s but not front vowel to foirel, or 
from consonant to consonant From the corner squares, the 
move can only be nuule to squares belonging to the same 
system. 

The solution of the proposed problem includes three cases: 
1. If the given initial and terminal scjuares belong, the one 
to a system denoted by a consonant, and the other to a sy« 
Stem denoted by a vowel, then, following the order of the 
letters when amnged in a cifcle» thus : 

• The widM iqiura hm a Ms. eea the UMk a dot fa thsir e«MM 

X 8 
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Ev and proceeding either to the 

right or left, as the case may be, the circuit of each system 
must be gone over in succession, accordin|f to that order: 
beginning with that system to which the mitial square be- 
longs, and ending with that of the terminal square ; taking 
care, however, for the reason above giTen, to avoid ending 
the intermediate circuits at a comer square. It will be ad- 
V!»^j\hle also to avoid ending these circuits at a square situated 
on the borders of the board, for they will not always admit 
of a transition hcin;^ made from them to the next system into 
which we have to enter. 

2. If both the given initial and terminal squares belong to 
the same s^bLem, omit, wliile going over that system, the ter- 
minal square, and also one in immediate connexion with it 
and fixing on some square in another system, which may be 
connected with it, proceed as before, taking; care to end at 
this last-mentioned square ; whence, when the rest of the en- 
tire circuits are completed, the two omitted squares may be 
attained, and the conditions of the problem satisfied. 

3. If the initial and terminal squares belong, both of them, 
either to systems denoted by consonants, or to systems de- 
nfUtd by vowel?, the same course with that jnst described 
must be pui'iuetl when the system to which tlie terminal 
square belongs is gone over, and with the same ultimate re- 
sult 

Examples of each of these cases arc given hi the three 
lower diagrams, the path of the knight in his course over the 
board being traced by oblique lines joining the centres of the 
squares he traverses; the commencement and end of each 
course, which are supposed to be previously given, being 
marked by a small circle. I have made the secondan example 
of a recurrent circuit, in order to show that this condition 
adds no new difficulty, and makes no difference in the mode 
of proceeding. 

In these examples, the given initial square is tlie same in 
all of them, and belongs to the system L. In No. 1, the 
terminal square belongs to the system A. Here, we first go 
over the wnole sixteen squares of system L ; thence, passing 
over to system E, we traverse all the sijuares of that system. 
We next enter system P, covering m succession all the 

* The omission of this second square is not absolutely necsawiy, bat 
will gonemlly be found to facilitate the nilMequeDt operations* 
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sauares belonging to it ; and we, lastly, come to system A, 
wliere we find no difficulty in ending the course at the given 
terminal square. , 

In No. 2, where the terminal square belongs to system L, 
as well as the initial, we must, in going over that system, 
omit that square, and also one connected with it. With 
this exception, we are to proceed as before, tr:\versiiii; in suc- 
cession the systems L, E, P and A ; and taking care to end 
at a square of the latter, connected by a knight's move with 
the other omitted s(]uare of system L. 

In No. 3, wliere the teniiiiial aijuure belongs to system P, 

the same series of courses is to be pursued, excepting that the 

squares to be omitted will belong to that system. 

Yonr obedient servant, 

30, Bernard Street^ Ruswll Square, P* M« RoGBT, 

March SOth, 1840. 



Observations on the Precipitation of Copper hij Voltaic 
Electricity, By Edwaud kSULly, Juii. in a Letter to 
Richard Taylor^ Esq, <$r. 

nr^HE beautiful discoveries of Professor Jacobi and Mr. 

T. Spencer have, as it were, laid the foundation of an en- 
tirely new art, namely, that of copying works in metal, with- 
out neat, without pressure, nnd at a very small expense. As 
many of your readers may not have seen either Mr. Spencer^s 
very interesting and ingenious pamphlet, or any detailed ac- 
count of the process which he has so successfully employed 
in copying medals, copper-plates, &c., I will briefly sketch 
the principles of the process of voltaic precipitation, and de- 
scribe the apparatus required for the purpose^ introductory 
to a short account of some experiments on the subject which 

I have niaiie. 

^^'hcn a piece oftin or other similar metal is immersed in a 
btiung sohiLioM ut ^uiphate of copper or blue vitriol, it soon be- 
comes coaled with metallic copper, which is said to be precipi- 
tated or reduced ; tlie oxitle of copper being decomposed by 
the more oxidizable metal having a stronger affinity for oxygen 
than the copper itself has* In this way the tin becomes ox- 
idized and dissolved, and the copper is reduced and precipi- 
tated in the form of a thin film. If the whole surface of the 
tin were to become coated with copper, of course this action 
would cease, because the former being entirely cased in cop- 
per, would remain inert, and in fact represent a plate of that 
metal. From the mode in which this precipitation is caused, 
it follows that tlie metal precipitated must be everywhere in 
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perfect contact with the sotfeoe on whidi it is thfowndownt and 
thus we here have the first element of the process of copying, 
or obtaining a cast by precipitation, but extrensly emoe and 
Imperfect* The film of copper so thrown down would be so 
thin and fragile that it woukt be impossible to reraove it from 
the surface of the tin; or if it should acquire any thickness it 
would of course do so at the expense of n considerable (jnnn- 
tity of tin, hecnnse for every port ion ot copper precipitated 
a corresponding i|uuntity of tin mu>i iiave been dihbolved; the 
smoothness of the surface would become destroyed ; and as 
tins curi'osion dues nuL act equally all over the suiiuce, it any 
desi^ had been traced upon it, it would be much weakened, 
and in some parts whoUy oblitenled. 

Both these difficulties are easily overoome in ooneequence 
of the facilities which electricity gives us, o( as it wert^ making 
chemical action portable; of generating it in one pbci^ oonfey- 
ing it along metallic oondnetors, and making use of its power 
in another. Hence we are enabled to employ at pleasure one 
of the most powerful known deoxidizing agents, hydrogen. 
By means of electricity, we are able to give to nny i)iece 
ot metal, the power of evolving hydrogen, under the most 
favourable circiinistaiices, from its sui facL-, whilst innnersed 
in a cupicuus solution ; and to coniinue that action, until the 
coat of deposited copper^ precipitated by the action of the 
nascent hydrogen, has aoqmred any degree of thickness. 

In order to c^^t this» a pieoe of some highly oxidixable 
metal, such as zinc, is conne<^ed by a wire soldevsd to Its one 
end with the plate of lead, tin, or other metal, on the surface 
of which is enmved the design proposed to be copied. A 
vessel of any shape and matenal is divided into two portions 
by a partition or diaphragm of membrane, unglazed earthen- 
wnvv, or any other porous substance; the one division being 
liiied with a strong solution of suhihate of copper, and the 
otlier with dilute sulphuric acid. The zinc is then placed in 
the dilute acid, and the mould or lorm to be copied, in the 
solution of copper. The zinc continues lu dis:>olve iii the 
addy and generate the power» which beinc conveyed through 
the solutmns to the surftce of the mouldy then causes the 
precipitadon of copper^ whilst the wire jowing the sine with 
the metallic mould, forms the connexioii necessary to com* 
plete the galvanic circle. 

llie apparatus for this purpose is exceedingly simple^ 
cheap, and easy of management ; and when once arranged, 
and set in action, requires no further attendance until the ope- 
rniioii is complete, when the would is to be removed and 
the copy i»€^paiatedirom it. 
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A Tery conTttnient fbrro «nd anranpttMiit if the followii^ ; 
^ is a glass or earthen vessel ooQtatiliDg a quaotily of » 
torated tolntioD of sulphate of cop* 
per; B a piece of gut or tubular 
membrane formed into a bag by be- 
ing t!n;htly tied al the lower end and 
secured in a vertical position in the 
middle of the jar A, by means of a 
stick, which passing through two 
lioies in it, rests upon die top ot 
the jar. This ba^ is filled widi 
dilute sttlphttrio acid» and contauis 
the sine rod Q whidi it Ukewiia 
aupportcd by the eriek. D is the 
mould to be eiipiad, and E the me- 
tallic wire connecting it with the 
zinc. Matters being thus arranged 
the precipitation goes on rnpidly, 
and ail tliat is reijuisite is to take 
care tiiat tiie solution of sulphate 
of copper does not become too 
weak; when this happens, the cop- 
per comes down in a pulverulent and finely divided state^ 
without any oohatioii; ftUing off from the turiaoe of the 
mould in the form of a bulky powder, and rapidly reoxidiaio^d 
This effect also happens when the siurftce on which copper is 
to be precipitated is venr small, oompared with the size of the 
sine and the strength or the add« In the first case it is easily 
prevented by always keeping excess of undissolved sulphate <h 
copper in the solution to supply that wliich is decomposed. 

When the deposited metal has actjuired sulhcient thickness, 
it is easily removed from the surface of the mould, by gently 
looseiiiiiij; its edge all round with any sharp instrument, after 
which a may be reailily separated. Mr. Spencer has ingeni- 
ously availed himself of the difihrent expansibility by heat of 
diflbrent BMtab, in removing the deposited metal from the 
mould* When copper is to be precipitated in a copper 
mould, he recommends rubbing into the surface of the mould 
a very small quantity of besewax, the copper being previously 
warmed, in similar cases I have found that a small quantity 
of plumbago well rubbed over the surface eompletaly pre- 
vented adhesion. 

The form oi apparatus above described, has I believe an 
advantage over that first proposed by Mr. Spencer, in the 
vertical position of the mould. When the mould is placed 
horizontally beneath the zinc rod, it i» more liabk tu become 
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fouled with dust and imparities of various kinds which can 
hardly be kept out of tlie sulphate of copper, and which be- 
coming gradually covered over by reduced copper, cause in 
the face of the metal when finished, the appearance of black 
specks; this is avoided in the form described. Another 
convenience is that two, three, or even four moulds may 
be operatetl upon at once, and any one may be removed at 
pleasure without disturbinnr the others. I have been thus 
minute in describing the apparatus requisite for the process, 
because it is very commonly supposed, that as the process is 
called ** Voltaic precipitation," a powerful voltaic battery, 
complicated and expensive apparatus, and a complete know- 
ledge of electricity is requisite for its performance ; whilst in 
fact the great beauty of the process consists in its extreme 
simplicity, requiring only a slight acquaintance with the most 
elementary laws of that science. 

When the mould employed is perfectly clean and sharp, 
and the process has been projierly conducted, the copy ob- 
tained is of pure and brightly metallic copper, usually of a pink 
colour. If a cojn' of a medal thus taken, and after having 
been removed ii om the mould have a ^mall quantity of cop* 
per precipitated upon its face, it assumes a most beautiful 
dead silky lustre, which with very little if any injury to the 
sharpness of the work gives it a very beanttiul play of light 
and shade. 

The colour of the orecipitated copper appears to be very 
much influenced by toe nature and condition of the mould ; 
aud by paying attention to this circumstance, it may be ob- 
tained of a great variety of shades of colour, I have sometimes 
tlionght, that the colour of a voltaic cast of a medal is de- 
pendent on the nature of the metal, of which the original 
mcchil IS eoiii}>osed ; because I frequently observed that cop- 
per precipilalcd iii a lusible metal mould made from a silver 
medal, had a remarkable whiteness, whilst those similarly 
made from copper medals were red, and from gold had a 
yellow colour. On endeavouring to ascertain whether these 
effects were really dependent on the nature of the origmal 
medal, 1 found that so many little causes seemed to influence 
the results, that it was almost impossible to draw any certain 
conclusions with regnrd to these curious peculiarities of colour. 
The surface of the deposited copper is exceedingly apt to 
tarnish from exposure to air, frequently becoming partinlly 
bright orange, and souietinies even of a brilliant red ctilour. 
When heated up to nearly a red heat it acquires a uniform 
iron grey colour which is perfectly permanent The preci- 
pitate metal is rather brittle, though very elastic ; but by 
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heatiog it and allowing it to cool slowly it becomes tough and 
floxiUe. 

In this process it is mdent that a metallie snriace is re- 
floisHo fer the eommencemeiit of aof predpitatioii of coppar; 
m arrangement in fact forms a single call of a Darnell's bn^ 
tary, and is incomplete with the presance of tha sur&ee of iha 
sacontl metal in the sulphate of copper. 

Mr. Spencer has shown, however, that moulds for the pre- 
cipitntion of copper may be made of any substance by «r'ld- 
hvr them or otherwise coverin*: their surtace with a tliin film 
ot metal which nllbrds a conducting surface for the hrst por- 
tions of copper to be precipitated upon. My attention was 
early directed to this part of the process, because it seemed to 
open a wide iield ibr new and beauliiui applications. I was 
induced to pay paiticiilar attention to the deposition of copper 
upon non-metallic twfkoeSf and in eooseqnsnce made nu- 
nenios experiments to ascertain the circnrostanoca most ik- 
voorafala to its precipitation under these conditionB. My first 
experiments were made on snrfiuMs of plaster of JParis, 
which I endeavonied to coat with coppery so as in fact to con- 
cert plaster casts into bronses. I coounenced by gilding the 
surface with different me^s in the manner proposed by Mr. 
Spencer, but I found it exceedingly difficult to get a perfectly 
smooth and uniform surface ; the process succeeded best with 
gold-leaf, but even that had it*; n!)jections, and was besides 
very expensive. ^Subsequently I tried inclais, such as bismnth 
and antimony in a state of very fine division, ground up with 
water and glutinous niatters ; these attempts were iiowever 
not much better than the first trials. 

In die coQise of theae esperimenta I ohsenred a eurions 
lact» which I liad not at all anticipated» and whidi very ma- 
tatially assialed me in attaining die objects which 1 Imd in 
▼lew. When I had endc a f onw d to precipitate lead from a 
solution of one of its salts, in the same way that I had been 
doing with copper, I found that small grey crystals of lead 
aoon Ibimed upon the most prominent parts of the metallic 
mould I was employing, and which happened to be a leaden 
cast of a medal : these crystals rapidly increased in size, extend- 
ing towarc^s the membrane bag containing the zinc, which was 
about 5 inches distant from the mould. As soon as the cry- 
stals reached the surface of the membrane they bent about 
in various directions, crossing and recrossini^ each other until 
they had ctnnpletely enveloped the meiubiane in a net-work 
of reduced lead. Again, when silver is precipitated from the 
Inaad nitrate, by electricity, the crystahi fennad at tha one 
electrode cMtend acrosathe Ibacd electrolyte, ontil having 
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circuit and prmntfiirtber deeoo^^tion^^'^rtfae taiM waf 
I ^p^t^ that wImd copper was defKiaitad againat a badly* 
iHMifflifftiny mrfr ffi it would incraase much more rapidljF in 
the direction towards the zinc rod, and that it would hava 
but very little tendency to increase sideways ; but I found, on 
the contrary, tliat ihe deposited copper ha(l a remarkfihle pro- 
pertv nf extciuiiyiix bv its edi^es far more rapidly than it in- 
creased in thickness; seeminLT to creep uiuiig or clii^^ to the 
surface of the plaster or other non-conducting substance, 
against which it was being precipitated : and even when the 
phisLer iiuiiace was placed at an angle oi to the zinc rod, 
and the deposition commenced in the centre^ where a piece of 
gold-leaf bad btan applied, tha copper aKtendad equally all 
roond and qoila aa aat on tha akfa^ wliara it raeaoad from 
tha abc aa on that part where by Inoraaalog it a})i)roaflhad 
iti Following out this circumstance, I aoon found that by 
very tbgfatly mpvoviiig the fiondttotfai|( power of tha tiiriiwa 
of the plattar or otSar nan-coiidaating lubstanca^ I vaa 
ambled to precipitate copper without any Aold-leaf or other 
metallic surface for commencement. The degree of conduct- 
ing power requisite lor this purpose was very slight, ail that 
was necessary being to wash the surface over once or twice 
witli a solution of nitrate ot silver or muriate ul gold, drying 
and well blacking each successive coat by exposure to Hgiit, 
the surface having previously been well rubbed over vvlib a 
ainali i|uantity of plumbago. When thus prepared and placed 
in the solution of sulphate of copper, it was sufficient to touch 
any part of it with the wire attMliad to tha aine to cante tha 
pieeipilationi a taiall ring of copper ioon tened on tlm 
uacnnad'tur&oa loaiid the wire» which inewa dn g in aia%in 
time covered the whole surface wliich had been piipaind* 
When the deposit of copper had reached the edge of the pre* 
pared sur&ce it still continoed to increase, but more slowly, 
extending around the edges, even on to the back of the plaster^ 
and accommodating itself to all the inequalities of its surface 
almost as periectly as if it v,crc mctnllic. in this manner 1 
have caused it to be precijji Luted along the surface of card, 
paper, and on a variety ot" the most delicnte and easily de- 
structible organic siibstunces. Indeetl 1 liave frc(juentlv seen 
it, when arrchtcti by an aii-biibble, gradually surruuud and 
envelope it, and thus lorni a perfect ca^i , the process goiug ou 
with sufficient rapidity, and yet without disturbing so frail a 
fornit 

Soma of thaaa asperiments are intarattiug when viewBd in 
relatian to oertaui phnaomana of fawiliaatiqp^ not marely in 
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caM where organic matters are refdaced bv pyrltesy bot also 
in those where silica and other earthy sabstances are con- 

oemed. 

By this process I was easily enabled to cover the surfiioe 

of any article moulded in plaster, sulphur, wax, or any other 
substance; but it usually happened that by the tune that the 
whole surface was covered some parts had begun to throw up 
little niammillated excrescences of copper which destroyed 
the smoutlitK and regular appearance of the surface. Al- 
though I ill us iuiied ill uiy origiual purpose, yei I saw sufficient 
reason to feel no doubt that plaster may be covered with a 
uniform coating of copper. The surface of the copper preci* 
pitated against the plaster is of coarse smooth* and there* 
fore the process might be conveniently employed in any case 
where one or only a few copies are required of any metallic 
surface. Thus finger plates for doors, and all kinds of thin 
ornamental metal work, may be copied with great perfection. 

A very beautiful effect is produced by coatinc; the sur- 
face of facsimiles of medals or casts, made of lead or fusii^le 
metal, with a thin film c;{ ruclnced copper; they then exhibit 
the beautiful silky dull :iji|)(!araiicc winch I have before al- 
luded to as being posseb^ed by tiie prccipiLuLed metal. If 
these could be preserved from tarnishing by the application 
of any varnish or lacquer, exceedingly beautiful and cheap 
ornaments might be mede m thb manner, such as clock 
cases* &c 

I have likewise been engaged in a series of experiments on 
the precipitation of other metals by similar means, and shall 
probably, when sufficiently at leisare» prepare a short account 

of ihem. 
as, Bedford How, March 2, im. 



LI 1 1. On iJic Galvanic Frojjerlies of the Metallic ElemerUurj/ 
BodieSf mtk a description ^ a nm Chenuco-Mtchanical 
Battery, By Alfsbo Smbe, Esq,* 

T AST May a number of experiments were perfurnied upon 
the galvanic properties of the non-metallic elementary 
bodies, and these were attended with the acquisition of some 
curious inibrmation t> but uil lately no opportunity has pre- 
sented itself of extending the series of investigations then con- 
ducted : now, however, that I believe that I can lay before 

• Communtcated by the Author. 

t The resulu coDMCtrd with this psrt of the subject will be gfren hi a 
future aufflbor. 
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the public a valuable batterj) no time is lost) that otliers may 
extend and improve the new principle about to be detailed. 

With regard to the metallic elementary bodies, their pro- 
perties have been investigated so frequently, and to such an 
extent, that it may seem nnncccssnry io draw attention again 
to them; but two circumstances uiflucnciug their action have 
never been noticed. It is well known that the positive metal 
should be the most readily acted upon by the solution, and 
the iie|^ative tlie least, and the further these are apuiL, die 
more forcible will be the battery : thus, cateris paribus^ plati- 
num and zinc are more powerful than iron and zinc ; but if a 
circuit be made of a piece of smooth platinum and zinc it will 
sometimes happen that the effect is less than when a circuit b 
formed by a similar piece of iron. Now this appears at first 
sight paradoxical, though it can in many instances be easily 
explained ; for if the platinum be carefully examined, it will 
be seen that the acid solution does not really wet the platinum, 
but runs off from the greater part of tlie surface, as metallic 
mercury does from glass. In this state, a piece of ])latinum 
having a surface of thirty-two square inches, formetl into a 
battery with anialgamaled zinc and connected with a magnet, 
supported three-quarters of a pound through five thicknesses 
of paper: when the same piece of platinum was heated or 
dipped in nitric acid and afterwards well washed, it supported 
a similar weight through twelve thicknesses of paper, thus 
being less powerful than iron in the first instance, and more so 
in the second. In the same way, silver supported under the 
like circumstances, the keeper of a magnet through three layers 
of paper: on being heated nnd again wetter], the attractive 
force was exerted through nine thicknesses of paper, but no 
additional power was gained by removing the surface of the 
silver by nitric uc ul. The metiils in these cases appear to 
become coated witli u iilni ol aii, which effectually prevents 
the contact of the fluid. This is also seen in the various forms 
of charcoal, which after ignition are very powerful, but lose 
much of their force if long exposed to Uie air; their energy 
however is restored upon their being again heated. 

As in the experiments just detailed, and in those which I 
am about immckliately to describe, the relative powers of the 
arrangements have to be considered, it wHl he proper to men- 
tion in wlint way the results were obtained. A sof t iron horse- 
shoe magnet was suspended, round which covered wire in 
communication with the poles of the battery was wound : the 
keeper, which weighed tliree quarters of a [lound, w as sepa- 
rated from the poles of the magnet by as many layers of thin 
blotting paper as cuuld be u^ed without its falling ; thus with 
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a baltery of feeble force few layers of paper could be inttr- 
posed; but witli one of greater sticngtli, forty or sixty tliick- 
nesses might be used. A similar lonii of apparatus might 
easily be devised, which would show by means of a delicate 
screw the exact distance at which ft given weight would be 
supported by the attractive force of the induced magnet* 

The inflaence of diflerent conditions of surfaces b a subject 
which has escaped all experimenters. Now this is singular^ 
for many must have noticed, that in a circuit, the greatest 
quantity of gas is given off at the comers, edges, ancTiMUits* 
Following this hint, a piece of spongy platinum, consisting as 
it does of nn infinity of points, was placed in contact with 
amalgamated zinc, when a most violent action ensued, so that 
but little doubt could be entertained of its forming a very 
powerful battciy. The fragile nature of this mateiini pre- 
cludes it from being thus used, and tliLieiore it was deter- 
mined that another piece of platinum should be coated witli 
the finely-divided metaL This experiment was attended with 
a similar sood result^ and the energy of the metal thus coated 
was fbundto be surprising. To test the value of this process, 
a piece of platinum, thus platinized, was placed in dilute acid 
in contact with amalgamated zinc, and the quantiQr of gas 
evolved in a given time was noticed. 

C.I. 

Platinized platinum 7 sq. inches gave off 5 per 1 minute 
Platinum iieaied ditto 1 per I niinute 

Platinum covered by air ditto 1 per 6 minutes 

Platinized cohe small piece 3 per 5 minutes 

Phun coke ditto l per 25 minutest 

In these experiments the contact was made in each cell alike; 
the same zinc being used, and the distance being the same 
between the metals. The enei^ of the metal thus prepared 
upon the soft iron magnet is very great A piece of platinum 
exposing thirty-two square inches of surface, supports three* 
quarters of a pound through seventeen thicknesses of paper, 
whilst when ^imooth and wetted it supported it through eleven 
layers; and wlicn no c'avc. was taken about its being wet, but 
when simply plunged into the liquid, only through five layers 
of the same paper. 

The cause of this increase of jiower appears to be the faci- 
lity given to the evolution of the ga^ liom the number of 
points, and not from an Increaseof surface, as but little benefit 
attends its application in the nitric acid batteries, in which the 
hydrogen is not evolved, but absorbed by the fluid. 

The next point which we have to consider, is whether other 
finely«dlvided metals have the same good effect; but no other ' 
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of the many metals that I have tried cnti be used with similar 
good results, except palladiuti), which tliou^h it has not much 
effect in the sponge, is found when precipitated on platinum 
or nlver to po*M*t powmt about equal to the finely«dMded 
platinum* FIredpitated silver Increaaes the power of the me- 
tals, but not nearly to the extent of platinum. 

Having aioartained that a lolutton of platinum must be 
used for increasing the power of roetaU in their ordinary 
state, it becomes a matter of great importance to ascertain 
whether the platinum may be precipitated upon other metals 
with ad\ aiitarre ; and for this purpose it was deposited 
upon eaitlienware, palladiuni, pure silver, copper platetl 
with silver, nickel, Germnn silver, tin, lead, Iji ass,, cast iron, 
sheet iron, ^Itel, zinc, aiid cluircoal. The phitiai^ed earthen- 
ware was not found to answer, apparently from the quantity 
of tho metal not being sufficient to cariy the electricity. Pal* 
ladiurot silver, and plated silver answered equally well with 
platinum to receive the precipitated metal, and it there was 
any difPerencei I think the silver was rather the best. Plated 
copper answers very weil* but care should be taken to var- 
nish everj" copper edge, or else that metal is apt to be slightly 
dissolved, and deposited ngain upon the platinized silver, 
which is injurious. Should copper, from any cause, get upon 
the silver, it may be dissolved by a little muriatic acid, and 
afterwards by a little strong ammonia. No other metal or 
alloy besides this answered for the reception of the plaiiniun, 
except iron, and this was as active as silver for a time, but 
then a local battery was formed between the platinum and 
iron— the iron was dissolved and the battery destroyed. In 
some cases this does not take place so rapidly as in others. 
Carbon answers admirably for the reoepdon of the platinum^ 
and is improved in like manner. 

We have now the elements for the manufacture of a power- 
ful hjittery ; lor we have seen that increase of power is ob* 
lained by taking care that the negative nuial is thoroughly 
wetted by the fluid, and that ihh is not only accomplished, 
but its power materially increased by the numerous points 
fonned by tlie piccipitatioa ol finely-divided platinum. Wliat- 
ever metal, alloy, or compound ma^ be found hereafter to 
succeed for the reception A the platinnm, or whatever metal 
may be found to answer instead of the finely-divided |>latinttm» 
still the principle by which the advantage is gained will be the 
same. However, the battery which 1 now propose is to be 
made of either copper plated with silver, silver, palladianiy or 
platinum. The silver can be rolled to any thinness, and 
therefore is not expensive. Each piece of' metal is to be 
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placed in water, to which a little dilute sulphuric acid and iii- 
tro-muriate of platinum is to be added. A simple current h 
then to be formed by zinc placed in a porous tube with dilute 
acid ; when, after the lapse of a short time, the metal will be 
coated with a fine black powder of metallic platinum. The 
trouble of this operation is most trifling ; only requirinff a lit- 
tla time after the arrangement of the apparatus, whi<£ takes 
even less than the description* The cost I find to be about 
6dl a pla!<; of 4- inches each way, or S2 square inches of sur* 
jace* . This fineiy'^ivided platinum does not adhere firmly to 
very smooth metals, but when they are rough is very lasting, 
and sticks ro closely that it cannot be rubbed off. On this ac- 
count, when tithe r silver is employed, or copper coated with 
silver, the suHacc is to be made rough by brushing it over with 
a little strong nitric acid, which gives it instantly a frosted ap- 
pearance, and this, after being washed, is ready for the pla- 
tinizing process. 

Wiw regard to the arrangement of the metal thus pre- 
pared great diversity exists ; it may be arranged in the same 
way as an ordinary WoUaston's battery with advantage ; a 
battery thus constructed possessing greater power than l4o* 
fessor Daniell's battery: four ceils, containing 48 sijuare 
inches in each cell, decomposed 7 cubic inches of mixed gas 
per five minutes, whilst four cells of Piofessor DanielPs, in 
which 66 square inches of copper were exposed in eacli cell, 
gave off only five cubic inches in the j>anie time. However, in 
my battery thus arranged, the action dropped to 5 cubic inches 
in five minutes, but it resumed its power after the contact had 
been broken for a few seconds. This battery also possesses 
great heating powers, raising the temperature of a platinum or 
steel w]re» 1 foot long and of a thickness similar to that used 
for ordinary birdcages, to a heat that could not be borne by 
the finger**^. Its magnetic power is not less aston ishing, three 
cells supporting the keeper of a magnet through forty-five^ 
two cells through thirty-two, and one ceU through twenty 
thicknesses of paper. An electro-magnetic engine was made to 
rotate with great velocity, the combustion of the mercury at 
the breaking of contact bLiui^' exceedingly brilHant. 

A battery of this consti iicUuh should be in every laboratory, 
to be used in most cases where a battery is waiitici, and the 
slight labour attending iin operation is scarcely vvurdi men- 
tioning. I have used one for 48 hours consecutively without 
the slightest alteration either of the fluid, or in the arrange*- 

♦ 

* A snail pot battery of liic eell« ftirly ftned into globalet f focbes of 
iron wire, and the conbostion of difierent metals was extremely brilliant 
when the bstteiy wsi in oombiiuitioainth a Bacbofflier'f spps r s t u i . 
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meat of ihe metals, mid die dimiiiuLioa attending its opera- 
tion appeared to arise from deficiency of acid, for it. was in* 
stantly restored by a little strong sulphuric add in each celL 
Where the battery is required to possess the same power ibr 
a long period, it might be advisable to separate the metals by 
a porous earthenware vessel, or what answers the purpose 
equally well, by a thick paper bag^, the joininp^s of which must 
be effected by <;hcIUlac dissolved in alcohol. By these means, 
the sulphate of zinc is retained on the zinc side of the battery* 
The use of porous tubes, however, appears from observation, 
as far as my battery is concerned, to be nearly superfluous, at 
any rate in most cases ; for I find, that after a battery arranged 
as VVollasLon's had been at work in the same fluid for forty- 
eight hours, it had no zinc deposited on the silver. It is worth 
remarking, that during the last 84 hoars contact had not been 
broken for a single mstanL Notwithstanding these experi- 
ments, however, it may be as well ui an extensive battery to 
use porous plates. 

The battery may be arranged like the pot batteries, but 
I should greatly prefer the troughs, such as used for Wolias- 
ton's batteries, from the convenience of packing, and from a 
battery of the same surface requiring so small a space. A 
battery may be constructed to form a most powerful calori- 
motor. It may also be arranged as a circular disc battery. 
Or it may be made as a Cruickshanks, each cell being di- 
vided or not bv a flat porous diaphiagui. WhaLever ar- 
rau<^€ mentis acfopted^ the closer the zinc is brought to the 
platinized metal, the |ppeater wfll be the power. 

The generating fluid which is to be employed b water, with 
one-eighth of sulphuric acid by measure; and the zinc ought 
always to be amalgamated in the first instancy as tliat pro- 
cess will be found very ccconomical from its stopping all local 
action, and the amalgamation will be found not to require 
repeating, because there is no fear of copper being thrown 
down on the zinc, which occasionally happens in tlie sulphate 
of copper batteries. 

The battery thus constructed is the cheapest and least 
troublesome m acuun tliuL iias ever been proposed, and from 
the smallness of its bulk will be found very valuable to electro- 
inagnetidans. It is second in power only to the nitric acid 
batteries, the objections to which have been already noticed. 
For medical purposes, with a Bachofiner's apparatus, a bat- 
tery composed of platinized silver two inches each way will 
be found sufficient. 

To recapitulate the processes of the formation of a battery: 
first the platinii, vHver, or plated copper must be roughened, 

the two latter with nitric acid) and atterwards washed. The 
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metnl is next to be placed in an acid soluiioa with a little 
iiitromunaie of platinum, which metal is to be tlirown down 
by the formation of a simple galvanic circuit; and lastly, the 
platinized metiil is to be tormed witii amalgamated zinc into 
a battery, either with a porous tube or paper bag» or without 
them, according to the nncy of the operator) or the purpose 
Ibr which it is wanted. 

The advantage from this form of batteir arises, as I believe^ 
from a mechanical help to the evolution of the hydrogmi; and 
therefiire it is proposed to call it the Chemico-mechanical 
battery. This battery may remain in the acid for a length of 
time, atul neither the nmnlp^amated zinc nor platinized silver 
will undergo the slightest cliange, and tlie whole will be as 
silent as death. Let only communication be made, the liquid 
in each cell becomes tioubled ; — it boils — it bubbles, and 
produces the effects which liavc been detailed. Tlie i|uan- 
tity of electricity passing through either wires or liquids 
may be prefQr accurately judged from the aedon taking place 
in the batterv, for if the connnunicadon be made through a 
liquid of difficult decomposition, or through lon|^ small wires 
(70 or 80 feet), but litdc gas will be given off h'om the pla* 
tinized metal, but when short thick wires are used the action 

violent. A galvanometer might be constructed of one cell, 
similar to the oxygeri cell of Professor Daniell, as this would 
show tfie exact amount of electricity passing. 

The importance of constructing a battery that shall be small 
in compass, efficient in action, cheap in its operation, and 
devoid oi troublesome manipulation, is impo riant in the highest 
degree ; and I consider that my chemico-mechanical battery 
will be found frequently a useful means of obtaining gases for 
the oxy-hydrogen light. Its value for blowing up vessels 
under water^ and exploding powder in mines^ is suffidendy 
obvious. 

In conducdng the extensive series of experiments, of which 

this is a summary, the grand features have been rather at* 

tended to than very miiinte results; and in conclusion, it 
would ill befit me if I did not here mention the valuable as- 
sistance I have received by the loan of n]>paratus, &c. from 
many individuals, but most especially tiom Professor JDaniell* 
William Terry, Esq., and Mr, K. i^aimer. 

Bank of England, Feb. 9», 1840. 
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LIV. Memoir on the Lam qf Subsiilutions, and the TkeoTjf 
qf Chemical Thfpes, Bif M* DuMikS.* 

YN tfaU memoir, t propose explaining and diaoofsiqg diP 
^ foenc rnltt and their conieqaenoes whieh hove so often 
been the sulject of important commwilcetions to the Aoademy, 
ibr I should think it useless to call upon its kind attention, HT 
the developments, into whioh I have been obliged to enter, 
lifid not given it an unusual length. Biit the Academy will 
pardon me, when it knows the impui taiicc and the variety of 
the (]uestions which I have been forced to unite in it^ and 
which are ilie following: 

^ \ . Ill every combluatiun, can the elements have their 
place supplied, eauivalent for equivalent, by simple bodies or 
by eonpound booiaib which net their partr 

t. An not these enbstitutions oAm eflRMMdy without th« 
general natuie of the cmnponnd being altered bj it| dm 
Dodiee thus produced bdonging to the same oIsmmm/ 4^ 
tfaoee from whioh tbej are cwrived ? 

S. In other cases, can these substitutions furnish products 
entirely distinct in their actions {reactions) from those which 
gave them birih, aiui is it then right to consider them not* 
withstanding as bcl(>ntj;incT to the same molcadar ff/prP 

" 'i. Can the noineiiciature of organic sul)>Lances be re- 
modeled, from the present time, in sucli a manner that the 
name of each body shall express tlie chemical type, or even 
the mobcolar tyne to whicdi it belongs ? 

**Sn Do tlie plicnomenaof sobsdtntion oblige as to modify 
gwfanidly the value eAsed ontil late^ to &e organio iw 

^ 6« Is not the electric function (roU) attributed to the ele- 
ments of compounds by the eiectro-ehemical theory, in com* 
plete contradiction to the pha^nomena of substitutions ? " 

I shall subject cncJi of these cjuestions in succession to an 
attentive exnminatiun, applying myself to what is general and 
elevated, \Miiioul entering into technical detailfi» which will 
take their place in special memoirs. 

Law qf SiihstiUitioM* 

Some years a^o, M. OeyoLussac mentioned a very simple 
experiment in his lectiuresi which has become a point of de> 
partnre for an immense suceeselon of inquiries and disco- 
veries. In treating wax by chlorine, said the illustrious 
professor, 1 saw this substance lose some of its hydrogen, 

* Iron) the dtmpies Rcndiu dc i'Acadtmic dct &cienc€i, 1840, pfOBt 

Meisrt. Ne^ ^ FsU «• 
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and take exactly on equivalent volume of chlorine to that of 
the hydrogen set free. I had myself subjected oil of turpen- 
tine to similar trials, and was convinced, agreeably to M. De- 
vielle's lute re-examination of the subject, that it easily loses 
eight volumes of hydrogen and takes in their place eight 
volumes of chlorine, thus consutuiing the coiupound 0^*° fi** 
Ch% derived Irom the origiiiiii oil of turpentine C*** H^*. 
. At the same time, I studied the composition of fome e&* 
traordinary produeti obtained from aloohol* ^ chlonly 
ebloroform, bromofomi, iodoforfn, of which I g^ve an ex- 
act analysis, and endeavoured to explain their formation. 

This work was the occasion of the law of substitutions 
being developed for the first time. But as it wae then be- 
lieved that certain orffanic matters, and alcohol in particular, 
contained water ready formed, the law of substitutions, in 
the form in which I first presented it, attributed a function 
to this water, which gave rise to many objections. To re- 
turn to the details of this point, would be without interest at 
the present time, for those chemists who uilant the reality of 
fubstitntioMy have in general given up the fuppoeition of the 
exietenca of ready-foimd water in tne componnda in whudi 
these snbstitutions are observed.* 

Although the function which X had attnlmted to the water 
may be reconc i l ed to the general phtenomena of chemistry, 
as it is now become useless, we must limit the law of substi- 
tutions to the following expression: — "When a liydro- 
^enated organic substance is treated with chiorine, bromine, 
iodine, or oxvi!;en, &c., these bodies generally remove hydro- 
gen from it, and for an equivalent of hydrogen so remijved, 
an equivalent of chlorine, bromine, iodine, or oxygen ia sub- 
stituted m the compound. 

Is diis phsBnomencfi general? has it a peculiar eharader? 
This is what we are abont to examhie. 

At the present timo every one knows that- in the reciprocal 
action of bodies jcertain relations of weight are observed, and 
that it is not enough to say that sulphur or oxygen combine 
with or act upon zinc or lead, but that a quantity of sulphur 
weighing 201, nnd of oxv^en weiMiintr 100, act upon or 
combine with a quantity of zinc weighing 409, and of lead 

* It may however be obterved, that when I admitt»l that chlorine de* 
composed this water, seized the hydrogen, and left the oxygen in the com. 
iM>und, i made a very ioeical fupposition. An anaiooous ca^e pretenti 
itMif triica the bm»Mte of lilTsr it decompossd 1^ broirone, giving bfrnaUe 
of silver, the oxygen of the oxide uniting with tm benzoic acid. 

When I added that oxygen it«elf could decompose the water fixed m 
the compoundi, I was guided by the th^y of cementation, in which we 
ednit tast froa dscomposes csrtnvet of bon* 

Ya 
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weighing 1294^ These quantiltes are the chemical eqnifa-' 
lents of those bodies ; all chemical actioa takes phwe belweeii 
them and their multiples. 

Now, to say that from an organic compound, an eqoivalent 

of hydrogen may be subtracted, and that its pbwa may be 
taken by an equivalent of chlorine, is manifestly announcing' 
a law in perfect harmonv with the general hnv of the recipro* 
cai action of bodies by equivnlpnts, Fvcrv one comprLhends, 
that if tt crystallized IkkIv could j)ru(!iice another, likewise 
crystallized, by lobiiig iiydrogen and gaining chlorine, which 
could iioL be represented by equivalents, we must conclude 
from this that the theory of equivalents is false. The law of 
sabstitntions ought to be in accordance with the theory of 
equivalents^ as moreover the general expressiAn which has 
b^D given to it suggetta. 

But from dience to assert that the law of substitotions has 
no peculiar character, that it is only a particular case of the 
theory of equivalents, there is either an equivocation or an 
immense lenp. That this leap wn« made when the law of 
substitutions was at first [)ut lortii, that nothing allowed the 
cause ol It to be foreseen, in m clcr to connect it witii a theo- 
retical principle, 1 concede without difficulty. This also did 
not iaii lo be the case, and auioiig^L the objections ot the 
German chemists to the law of substitutions, iL always figures 
first. The philosophers who some years ago viewed it hi 
thb manner* were right withont doubt, bnt they must have 
been very much surprised to see so many akOfid men persist 
in finding in it a special character. 

With regard to myself, if I believed in the future prevalence 
of the law of substitutional in its importance, five years igOb 
when I was the only one who defended it, it is not to be miji- 
posed that I can change my opinion, when the most eminent 
jEnglish chemist, Mr. Graham, adopts it without reserve ; 
when M. Liebig, after sharply criticising it, now receives it 
as admitted in science; when so many labours, undertaken 
oflen to combat it, have come within tliis very circle, to give 
it a complete consecration ; when, lastly, far fromseemgin the 
hnr of sttbstitnticins a simple experimental &cti we are now 
able to ascend to its cause. 

Thus, to assert, as M. Pelouze has done^ that the phie> 
nomenon of substitution^ when it is observed* is only a pai^ 
ticular case of the theory of equivalents* is to announce as a 
novelty two things perliectly known, viz. : first, that in the 
action of two bodies, substitution does not always take place; 
secondly, that when it is effected, It takes place by equiva- 
ieuts. This does not hinder tiie pliscnomenon of substitution 



Digitized by Co 



and the Theory of Ckmical Tj/pes^ Z2S 

from possessing a special character, from constitutinff a case 
of chemical action so particular) that it was absolute^ neoes^ 
aary to distinguish it from every other, as I have done. 

To be convinced tlint the theory of substitutions is not ge- 
neral, there is no need of new facts; it will suffice to read niy 
memoir on chloiacetic acid, whicii has been so often quoted 
for some ticiie. We there see that besides the chloracetic 
acid produced by bubsiitution by means of the action of 
dilorine on acetic acidy oxalic acid and carbonic acid are de- 
veloped, the production of which by substitution we may be 
at a loss how to eatplain» at least ibr the present* 

And better stilly it suffices to glance at my memoir relative 
to indigo : we there see that the white indigo, under the in- 
fluence of oxygen, loses an equivalent of hydrogen without 

fininn; anylhinc;;. In this case then there is no substitution; 
convinced myseU of it. At a \ntcv period MM. Liebig 
and Wcehler observed facts of the same nature in their admi- 
rable researches upon uric acid. Quite recently, Mr. Kane 
observed i>imilar facts in the colouring matter of Heliotrope. 

Thus, the phasnomenon of substitutions is not general; still 
more, this is one of its most essential characters^ as we shall 
presently see. 

Not only it is not general, because a body may, under the 
influence of oacygen, lose hydrogen without guning anything 
but it is not general also for the contrary reason. Olefiant 
gas, for example, may lose 4 equivalents of hydrogen and 

take 6 of chlorine; every one knows this. Any one wlio had 
not analysed ail the intermediate degrees of this action, as 
M. Kegnault has done, would, in comparing the first and 
last term, have found the law of substitutions defective. 

At present it may be explained and understood without 
difficulty, when we say that if white indigo loses hydrogen 
without ginning anything, it passes into a new molecular 
type ; when we know that otenant gas may produce a chlo- 
ride of carbon of the same type as itself, and, by a fresh 
addition of chlorine, a new chloride of a different type* 
Thus, the law of substitutions prevails when the bodies pre- 
serve their initial type; it is no longer applicable in the con- 
trary case; nnd, hy this very means, it serves to distinfruish 
the bodies which hnvc preserved their molecular type Irom 
those which have lost it. 

But there is no occasion to return to this explanation, %vhich 
jny wish to express myself clearly has induced lue to give 
en passant, to justify the necessity of distinguishing the law of 
aobstitntioiis nom other chemical actions (^rSacUom*)* 

The law of substitutions expresses, that m an oigMiic body. 
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we m§j teke away 1, 2, S equivalents of hydro^^n, and sup* 
ply thdr pkoet by 1, 2, 3 equivalents of chlorine, bromine, 

iodine, or oxygen. It indicates that these substitutions will 
give birth to new bodies, the properties of which it is often 
possible to foresee. It iiKikes known that these actions (re- 
aciions) are the ea^iie&t, the must irequent, the least changing 
(aUirantes) that a body can undergo* 

Before the law of substitutions was pubiibhcd, no one could 
have foreseen how a hydrogenated body would have acted 
under the inflwoM of chlorine or oxygen. Now every one 
knowt itf and a ehenikt perfonni in a fiiw days, by maaot of 
dib gnide^ oparatioiMi wnioh would hava required yeaia of 
labotur bcfera he bad learned its aaaw 

Aik the theorjr of equivaleDtB what ought to take plaea 
when ether is subjected to Uie action of chlorinei and it will 
certainly reply that it knows nothing of the matter; or indeed, 
what comes to the same thing, it will show you a hundred 
possible cases between which you will \\ix\q to choose. 

For ether may lose in succes'^ion tiiu five ecpiivalents of 
hydrogen which it contains without gaming anything, which 
gives five new Ijodies; foi it, may, without losing anything, 
abiurb 1, 2, 3, 4, 5, and mnny more equivalents of chloiiue 
besides ; which makes ten, twenty, thirty new bodies, if we 
deaweiti for U mav, in losing u single, or even two, or 
three equTalents of hydrogen, abeorb equmleiiti of ohbriiia 
mora or lew in nomberi and ia thii third hypothetii» the 
number of oompoande will become almott mnu^^erable* 

In fine, wa should fidl upoo almost infinite varieties of 
combinations, if we add that the oxygen of ether may ba 
eliminated, either freej in the form of watery or in the form 
of carbonic acid. 

Thus the theory of equivalents announces the production 
of a prodigious quantity of compountls: provided the ele» 
nients which the ether loses and thobe which it gains are 
represented by equivalents, it is sufficient. 

It is otherwise with the law of substitutions. With regard 
to that, when ether loses hydrogen, it must receive chlorine. 
There are then only five compounds which are possible, of 
which the composition is perliietl j ferssatn. 

C< C* C* 

H'»Ch H^Ch^ H^Ch^ H Ch* Ch* 
O O O O O O 

Amongst diem, three are alreadjr known, and there is not 
the smallest risk to run when wa predioi the piobabte dis« 
coierj of the two others. 
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The law of substitutions sees th«n In these five compcninds 
some of the nearest^ the most tiecessary modificalioDs of ether. 
The theory of equivalents sees there any modifications what- 
ever more or less possible. The one says, these five bodies 
must bo formed first very easily and very abundantly; the 
other says, they may be formed, and many others with them. 

it the acetic acid is in question, the theory of equivalents 
would besides announce the possible formation of compounds 
so nufflerouit, that nothiiig could guide the observer. The 
lew of sabstitutiooS} more preciis^ foresees and prediots that 
m losing 1> 8f 8 equivalents of hydrogeOf the acetic acid will 
take 1) SfS equivalents of chlorine^ and will thus produce 
three new compounds. One of them ecmstltutes the so-oalled 
ehloracetic acid. 

In a multitude fif possible actions which are nearly equally 
foreseen by the theory of equivalent^, the law of subslitLitions 
discovers with certainty those which at e about to be produced ; 
it foresee*? them, predicts them, and up to tlie present Ume its 
help iviib trniy been of invaluable efiicacy. 

How» without it, should we have been led to discover, one 
after the other^ four or five mixed products* hardlj difoing 
from each other, in some actions recently studied ? Other- 
wise* how would it have been possible to peredve^ that the 
action which was to be produced had not been exhausted* if 
the formulae, through the impossibility of making them agree 
with the law of substitutions, had not warned the observer? 

Let me make a comparison drawn Iroin a fanidiar order of 
ideas. Let us put ourselves in the place of a man overlooking 
a game at chess, without having the slightest knowledge of 
the game. He would soon remark, that the pieces must be 
ui»ed according to positive rules. In chemistry, the equiva^ 
lents are our pieces^ and the law of substitutions one of the 
rules which presides over their moves. And as in the oblique 
move of the pawns, one PAwn must be substituted for another, 
so^ in the phmnomena of substitution one element must take 
the place of another. But this does not hinder the pawn 
from advancing without taking anything, as the law of substi- 
tutions does not hinder nn element from acting on a body 
without displacing or taiuog tlie place of any other element 
which it may contain. 

How can wii believe that a knowledge of tlie rules which 
govern liie gauie ut our chess-board, is uacleas for the ex- 
planation of the moves which offer themselves, for the purpose 
of foreseeing those which are about to arise from tne relsh 
tions of the difbroit pieces* of the variotts agents placed u 
contact? 
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These are the foresights, always justified by experience, 
which characterize the law of substitutions. If it be connected 
with the theory of equivalents, it then results that every 
chemical phasnomenon is represented by equivalents, and dmt 
the facts of subslitutioii aie chemical pliainomeiia ; thuL every 
poisible event in chemistry is translated imo the language o£ 
equivalents^ and that after all a inie (act must be a potsiUe 
husL In the same manner that the possible comprehencls the 
true^ in like manner, and not otherwise^ the theory of equlva* 
lents comprehends the law of substitutaons. 

So far, I have reasoned as if the law of substitutions only 
applied in reality to the substitution of hydrogen, which has 
furnished the first examples of it. But chemists know that 
in an organic substance not only can hydrogen undergo sub- 
stitution, but also oxygen and azote» of which it would be 
easy to cite numerous examples. 

Still morei we can cau^e caibuu to undergo real subsll- 
tntionsy wfaich suffidently shows how artificial that dassifi* 
cation of organic substances would be^ which would vest 
solely on the permanency of the number of the equivalents of 
«arbon in all the compounds of the same fiunily. 

In an organic compound, all the elements may then be 
displaced, and others substituted for diem in succession. Tliose 
Avhich disappear most easily, abstrnction being caused by 
certain conditions of stability which we cannot yet ibresee, are 
those of which the affinities are the most ener£retic. This is 
why hydrogen is one of the easiest to subtract and have an- 
other element substituted for it; this is why carbon is one of 
the most rebellious, foi we know few bodies which can act 
upon carbon and not upon hydrogen. 

In fine» I add that tne law of substitutions allows us not 
only to foresee the disappearance of a certain number, or of 
all the elements of the organic compound* and new elements 
being substituted for them* but also the intervention, playing 
the part of the same elements, of certain compound bodies. 

Thus, cj'anogcn, carbonic oxide, sulphuric ncid, the 
binoxide of azote, nitrous gas, amido<3cn, rtnd many other 
compound groups may intervene as the elements would do^ 
take the place of hydrogen, and ^ive rise to new bo<lies. 

The law of substitutions is tlien an ahiiost inexhaustible 
source of discoveries. It guides the hand of the chemist 
who trusts to it^ it rectifies his errors b^ showuig him the 
cause of them ; and in a number of possible but uncertain 
actions, it points out some which are proadmat^ easy to pro- 
duce, and of the highest interest. 

This fttture» so nch in fiicts which may be realised* so full 



Digitized by Go 



5S9 



of accessible discoveriesy which the lav of snbstituttoiis re- 
veals to the eyes of the chemists justifies a remark m^ dear 
friend M. Ampdre» having so warm a heart and a mind so 
rich in delicate perceptions. When I was speaking to him 
of the law of substitutions, he also, at first, confounded it 
with tile ordinary equivalent nctions; hnt when I had de- 
veloped the views, still very incomplete, which I was already 
endeavouring to attach to them, ** Ah ! my li lend," said he, 
**how 1 pity you ! you have found work for your whole life." 
A prediction whicli would have been realised, if so many 
minds of a higher order, takine up the law of substitutions, 
had not given it a flight which roaKes my part of the work 
much less necessary. 

[To be coutiuued.j 



LV. Proceedings of Learned Soeieiies, 

ROYAL SOCIETY. 

Feb. 13, THHE rnuling of a paper, entitled " Experimental Rc- 
1840. searrh*'s in Electricity, Sixteenth Series." On the 

source of power in the Voltaic pile. By Michael i uraday, Esq., 
D.C.L., F.R.S., &c., was resumed and concluded* 

The determination of tfae real source of dectiical power in gal- 
vanic combinations has become, in the present state of our know- 
ledge of electricity, a question of cnnKidfrabie importance, anri one 
which must have great influence on tlie future pro*rr«ss ot that 
science. The various opinious which have been entertaiueti by plii- 
loaophers on this subject may be classed generally under two heads ; 
namely, those which assign as the origin of voltaic power the simple 
contact of dissimilar substances, and more especially of diifercnt 
metals ; and secondly, those \\ liieh ascribe this force to the exertion 
of chemical affinities. The first, or the theory ol eontact, v as deviled 
by Volta, the great discoverer of the Voltaic pile ; and adopted, 
since it was promidgated by him, by a host of subsequent philoao- 
phcrs, among the most celebrated of u lioni may be ranked Pfaff» 
Marianini, Fechiier, Zanil)oni, Matteucci, Karsteu, Bruchardat, and 
also Davy; all of them bright stai*s in the exalted galaxy of science. 
T\\c theory of chcniiral action was first advanced by Fahroni, Wol- 
lastoij, and Parret; aiid has been since further developed by Oersted, 
Becquerel, De la Rive, Ritchie, Pouillet, Schcenbein, and others. 
The author of the present paper, having examined this question by 
the evidence afforded by the results of definite electro-chemical 
action, sooti acqnin'd the conviction of the truth nf the latter of 
these theories, and has expressed this oj)inion in his paper, pub- 
lished in the Philosophical Transactions for 1834. 

The Hutbor, after atatUig the fundaineDtal doctrine laid down by 
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Volta, prorpf«Is to pjivp nn nrcfniTit of '. nrious nindifirntioiig in the 
theory introduced by suljsec^ueiit pialusupliers ; ami also of different 
varialioiiii iu tlie views ui' tUose whoy in the mma, liave adopted the 
ebeim<al tlw^* Being dfisiroiis of ooOoetiiig ftirther and mora 
deeistve endeaott on thu important subject, he engaged in thoieriet 
of experime&tdl reieBidies which are detaUeif ia the pmeiit 
memoir. 

It is assumed, he observes, by the advocates of the contact theory, 
that although the metals exert powerful eiectromotive forces at their 
points of mutual contact, yet hi every complete m^aUio oireoiti 
whtlover be tho oider or arnwigomant of Ihe m«lilf whiek oompo«e 
\U thow ftffoes are to emAf beknced as to pverent the existeooB 
of any current; but that, on the other hand, fluid conductors, or 
electrolytes, either exert no electromotive force nt their place ol 
contact with the metals, or, if they do exert such a power, tlic forces 
called into play iu the complete circuit are not subject to the same 
law of compensatkm aa obtains with oireuits wholly composed of 
metallic bocUes. The author eooeeiBftdly eombats this decline, by 
bringing forward a great number of instances, where certain Anidi^ 
which have no chemical action on the metals witli w hich tliey were 
associated in the circuit, are in themselves such Lcixi conductors of 
electricity, ula tu render evident any current which could have 
arisen from the contact of the metaU, either with each other or with 
the fluid ; the evidenee of Iheir posseasing thia oondneting power 
being their capability of transmittnig a feeble thermo-electric ciur* 
rent from a j^air of plates of antimony and bismuth. The following 
he found to be fluids possessing this jiroperty in n h'^^h degree; 
namely, a solution of sulphuret of potassium, yellow auljydrous ni- 
trous acid mixed with nearly au equal volume of water, veiy strong 
led nitric acid* and a mixture of one volnme of strong add with two 
volomes of water. By emplii3fing the solution of siuphnret of po- 
tassium as an electrolyte of good conducting power* but chemically 
inactive with reference to either iron or potassium ; and associating 
it with these metals in a cireuit, formed l)y two test-glasses con- 
taining the tiolution, into one ot which was unniersed a plate of pla- 
tina and a plate of iron* and in the other two plates of platina ; and 
the circuit being eompWod bvwires of the same metahies|ieottvely, 
joining the iron-plate in the fint glass with one of the platma-plates 
in the second, while tlie other two platiua-plates were united by 
platina wires, interrupted at one part by a short ir<»ii \y\ro which 
joined their ends ; — it vva^ found by the test of an interposed galva- 
nometer, that, as no chenncui action took place, so no electric cur- 
rent was produced ; yet the apparatoa tlma arranged could transmit 
a very fteble th^uMHsleetrio eunen^ eieited by slightly raising tiie 
temperature of the wires at either of their points of contact, HeneOt 
th(! inference may be drawn, tliat tlic contact of iron and platinum 
is of itself p'od'irtive ot" no eli etntinofive force. On the other hand, 
the autiiur fhuws, that the interpusUiuii in the circuit ol' the smallest 
quantity of au electrolyte, wiiich actscheuiically on either of tiie metals^ 

the amngaaBttit remaiaiiig in all otbor roipacti the saniB^ ii iB ws a * 
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dmtely attended with the dieulatioii of an eleofcriisal eamnt far more 

powerf ul than the thermo-electric current above-mentioned. A great 
number of combinations of other metals were succeasivcly tried in 
variou!* ways, and they uniformly gave the same resultsi a^ that of 
iron and pUtina. Similar experiments were then made with various 
Bielallieoomp(mn(b»«nit abowidi other eheinjcal egeatii end in eli 
cases the same general fact was observed ; namelyf that when no 
chemical action took place, no electrical current was excited ; thus 
turntshing, in the opinion of the author, unanswerable arpiniu'nts 
against the truth of the theory of contact. The only way in which 
it is possible to explain these pheuomcoa on that theory, would V)e 
hfwmmingf that the aasne Um of oempemetioB aa toeleelnhaiotive 
power ia obaerved by the avlphuret of potassium, and the other fluids 
of corresponding properties, as obtains in the case of the metals, al- 
though that law doe^ not apply to thr- crt rirrnlity of chemical agents ; 
and in Hke manner, different iv-uinpiiuiis must he made in order to 
suit the result in each parLicuiar combiuatiuu, and this without any 

defltiite letetton to the ohemieel eharaeter of the sabetaiioes them- 
aelvei $ aMamptioiiii whieh no ingenuity could ever vander eonsistent 
with one another. At the conclusion of the paper, the author de- 

gcribes some remarkable alternations In the phenomena whicli occur, 
when pieces of copper anil silver, or two jiiici^ of copper, or two of 
silver, form a circle with the yellow tiulphuretted soiuduu ; and 
whieh lead to the lanie ooadiMioii aa the former ezperlmente. If 
the metab be copper and silver, the copper is at iirst positive and 
the Bilver remains untarnished ; in a short time the action ceases, 
and the silver becomes positive, at tlie same time combining with 
sulphur, and becoming coated with sulphuret of hilvcr ; in tlie course 
of a few minutes* the copper again becoutes pottitive ; and thus tho 
aetioB changes firom one aide to the other in aue ee miopt and ia ac- 
comnenied by a corresponding aHemation of the electric current. 

March 5* — ^The reading of a paper entitled, "On the Chemi- 
cal Action of the Rays of the Solar Spectrum on Preparations of 
Silver and other Substances, both metallic and non-metallic ; and 
uu 5ome Photograpluc Pruce&aca ; " by Sir John h\ W. Heiachci, 

Bert., yjPJSLSi, &o., waa xeeamed and oonehided. 

The objeetwfaioh tiie enthor has in view in this memcnr is to place 
en record a number of insulated facts and observations respecting 

the relations both of white li;:^ht, and of the differently refrangible 
rays, to vnrious chemiral iigeuts which have offered themselves to his 
notice lu iiiQ course ui his photographic experiments, suggeBte<i by 
the announcement of M. Dagnene'a diaooverjr. After reeapitulating 
the heada of his paper on thu aatgect, which was read to the Society 
on the 14th of March, 1839, he lemarks, that one of the most im- 
portant branches of the inquiry, in point of practical utility, is into 
tlic^ best means of obtaining the cxiirt reproduction of imLtituiely 
multiplied facsimiles of an original photograph, by which aiuae tiic 
pablioatioiiof originals may be eeoomplisbed ; and for which pui|KMe 
the nee of paper, or other similar materials, appears to be essentiaUy 
reqnisite. bt oiiier to afoid diciiinln<mtioD» the atttfaof emplpye the 
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term« pnftifwe and ne^ativp to express, respectively, pictures in -which 
the lights and shades are the same as in nature, or as in the original 
model, and in which they arc the oj)po«ite ; that is, Light repre^nt- 
ing shade ; and shade, light. The terms direet and revvrae are also 
used to express pictures in which objects appear, as jdgards ligiit 
and left, the same as in the oarigiEial, and the contrsry* In respect 
to photoprnjiliir publication, the employment of a camera ])ieture 
avoids the diMculty of a double transfer, which has been found to 
be a great obstacle to success in the photographic copying of en- 
gfamngs or drawliiga. 

The principal objects of iaqniry to which the antiior has directed 
his attention in the pmsent paper, are the following. Furst, the means 
of fixing photographs; the comparative merifs of different chemical 
agents for effectins^ whicli, such as hyposulphite of soda, hydriodite 
of potash, ferrocyanate of potash, &c., he discusses at some length ; 
and he notices some remarkable properties, in this respect, of a pe- 
cnUsr agent which he has discovered. 

2. The means of taking photogiaphic copies and transfers. The 
author lays great stress on the necessity, for this purpose, of pre- 
serving, during the operation, the closet contact of the photogra- 
phic paper u&ed with the original to be copied. 

3. The preparation of photographic paper. Various e:q>eriment8 
are detailed, made with the view of discovenng modes of uereastn^ 
the sensitiveness of the paper to the action of light ; and particularly 
of those combinations of chemical substance? -^vhirh, applied either 
in succession or in combination, prepare it for that action. Tlie ope- 
ration of the oxide of lead in its saline combinations as a mordent 
its studied ; and the influence which the particular kind of paper 
used has on the result, is also examined, and various practical rules 
are deduced from these experiments. The antlior describes a method 
of precipitating on glass a coating possessing photographic pn)per- 
tie!*, find thereby of accomplishing a new and curious extension of the 
art of j)hotography. He observes, that this method of coating glass 
with films of precipitated argentine, or other compounds, affords 
the only eflectusl means of studying their habitudes on exposure to 
light, and of estimating their degree of sensibility, and other parti« 
culars of their deportment under the influence of reagents. After 
stating the result of his trials with the iodide, chloride, and bromide 
of silver, he suggests that trials should be made vnth the fluoride, 
from which, if it be found to be decomposed by light, the corrosion 
of the glass, and consequently an etching, might possibly be ob- 
tained, by the liberation of fluorine. 

As it is known that light reduces the salts of gold and of platinnm, 
as well as those of silver, the author was induced to make many ex- 
periments on the chlorides of these metals, in reference to the ob- 
jects of photography ; the details uf which experiments are given. 
A lemaricable property of hydriodic salts, applied, under oertain cir- 
cumstances, to exalt the deoxidating action of light, and even to 
call into evidence that action, when it did not before exis^ or else 
was masked, is then described. 



Digitized by Go 



Action of the Bxix/s of the Solar Spectrum, S8S 

4. The chemical anal3rsi8 of the soUr spectruin forms the subject 
of the next section of hi? ]>aper. It has lon^ been known that riiv^ 
of ditierent colours and rcfrangibilities exert very different degrees 
of energy in etfecting chemical changes; and tiiat thoae occupying the 
violet Sad of the tpeotrom pcwsem the greatest deonidating powen. 
But the aathor iiiias that these chenwcal eoeigies an aiitiibiited 
timo^out the whole of the spectrum ; that they are not a mere 
fanctton of the refmnjr'hilitv, but stand in relation to physical quali- 
ties of another kind, botii of the ray and of the analysing medium ; 
and that this relation is by no means the same as the one which de* 
teraunes the abaorptiTe action of the medium on the colorific nya* 
Hie ezpefuaenta also ahow that there ia a thiid aet of rdatioiia con* 
cerned in this action, and most materially inflnencing both the amount 
and the character of the cliomiral action on each point of the spec- 
trum ; namely, those depending on the physical qualities of the sub- 
stance on which the rays are received, and whose changes indicate 
and measure their action. 

Hie author endeavoured to detect the existence of inactive spaces 
in the chemical spectrum, analogous to the dark lines in the lumi* 
nous one ; but without any marked succes?. The attempt, however, 
revenled several curious facts. The maximum of action on tlie most 
ordinary description of photographic paper, namely, that prepared 
with common salt, was found to be, not beyond the violet, but about 
the confines of the blue and green, near the situatioa of the rey Fin 
fVaunhofer's scale : and the visible termination of the violet nys 
nearly bisected the photoj^raphic image impressed on the paper : in 
the visible violet n\v« there occurred a sort of minimum of action, 
about one -third of tlic dibtance from Fraunhofer's ray H, towards G : 
the whole of the red, up to about Fraunhofer's line C appears to be 
inactive ; and lastly, the orange-red rays communicate to the paper 
a brick-red tint ]ia8sing into green and dark blue. Hence are de« 
duced, first, the absolute necessity of perfect achromatlcity in the 
object-glass of a photoe^n])hic cnmnra ; and secondly, the possibility 
of the future production ot naturally coloured photograplis. 

5. The extension of tlie visible prismatic spectrum beyond the 
apace ordinarily assigned to it, is stated as one of the results of these 
researches ; the author having discovered that beyond the extreme 
violet rays there exist luminous rays affecting the eyes with a sen- 
sation, not of violet, or of any other of the recognised prismatic hues, 
but of a colour which may be called lavender-grey ^ and exerting a 
poweriui deoxulutiag action. 

6. Chemical properties of the red end of the spectrum. The rays 
occupying this part of the spectrum were found to exert an action of 
an opposite nature to that of the blue, violet, and lavender rays. 
When the red rays act on prepared paper in conjunction \vith the 
diffused Ught of the sky, the discolorating influence of the latter is 
suspended, and the paper rcinuai.^ wlatci but if the paper has been 
alresdy disodoured by ordinary light, the red rays change its actual 
colour to a bright red. 

7. Hie oommmed ftctionof rays of different d^gnes of nfirangihi- 
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Kty is» next investigated : nnd the author inquires more particularly 
into the effects of the conil ined action of a red my with any other 
single ray in the spectrum ; ^vht^ther any, aud whut differences exist 
beinrteii the joint, and the mceemve eedoii of rayt of any two dif- 
fercnt and definite leiruigibilitiet ; and whether thii mctkB be ei* 
peble. or not,of producing effects, whiofa neither of them,aetuig alone, 
would be competent to produce . Tho result wns that, nlthonp-h the 
]irevious action of the less rt traiigible rays does not aj)}>eiir to mo- 
dify tlie sulMequent effects produced by the more refrangible ; yet 
the cou»e>ee of this propoiitioii does not obtain, and theeitraltaneoBa 
action of both prodnoet photogiaphieefieets very different from tfaoae 
which either of them, acting separately, are capable of producing, 

8. In the next section, the chemicnl action of the s(»lar «prctnjm 
is traced much beyond the extreme red rays, and tiie rcu rays thcni« 
selves are ehovvn tu exercise, under ^tam circumstances, a black- 
ening or deoxidating power. 

9. The author then enters into a speculalion suggested by some in- 
dications which seem to have been afforded of an absorptiTO aotion 
in the sun's atmo<*phere ; of a difference in the chemical np'encies 
of those rny« which issue from the ccntiul ]);irts of his disc, and tho«e 
whicii, emanating from its borders, have undergone the absorptive 
action of a mnch greater depth of his atmosphere ; and consequently 
of the existenoe of an abaotptive soUff atmoaphere extending beyond 
the luminoBS one. 

10. An account i?^ next given of the effect of the spectrum on cer- 
tain vegetable colours, as determined by a t^eries of cx])crimcnts. 
which the author has commenced, but m \i'hich the unfavourable 
state of the weather has, as yet, pres ented him from maldi^ much 
progress. 

1 1 . The whitening power of the several rays of the spoctmm under 

the influence of hydriodic salts, on paper variously prepared and 
previoii^^lv darkened by the nrtioTi of solar lipht. The sincrnlnr pro- 
perty belonging to the hydnodatc of potash of rendering darkened 
photographic paper susceptible of being whitened by further expo- 
sue to light is here analyaed, and shown to afibid a aeries of new 
relations among the difleient parts of the spectmm, with lespeet to 
their chemical actions. 

1*2. The Analysis of the Chemical Rays of the Spectrum hy nh. 
sorbent media, which forms the eubjeet of the next section, uptiib u 
singidarly wide field of inquiry ; and the author describes a variety 
of remarkable phenomena which have pnscnied thepasetves in the 
oeiine of his experiments on tiiis subject. They prove that the pho- 
tographic properties of coloured media do not conform to their colo- 
rific character ; the laws of their absorptive action as exerted on the 
chemical, being different and independent ol lliuse on the luminous 
rays: instances are given of the absence of any darkening tjliccL lu 
grsen and other rays of the morsTefrangibk kind, which yet prodnoe 
ooosiderable illumination on the paper that receive them. 

13. The exalting and depressing power exercised by certain media, 
Wider peealaar cironmstances of soW ligfat» on the intensity 
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mical action. This branch of the inquiry ^\ as suggested by the fact, 
noticed by the author iu his former comuiunication, that the dark- 
ening power of the solar rays waa considerably increased by the in- 
terposition of a plate of glass in dote contact with the photographic 
p^)er. The infitience of variona other media, superposed on pre- 
pared paper, was ascertained by experiment, and llie lesulta are re- 
corded in a tabular form. 

14. The paper conclude'^ ivith the description of an Actinograph, 
or self-registering Photometer for meteorological purposes : its ob- 
jects hemg to obtain a peimanent and self-comparable register and 
measure, first, of the momentary amount of general illnminntion in 
the visible hemisphere, which constitutes day-light ; and secondly, 
of the intensity, duration, and interruption of actuRl sunshine, or, 
w})pu the sun is nut visiljle, of that point in the clouded tky behind 
wiiicli the i>un is .situated. 

In ft postscript, dated March drd, 1840, the author slates that he 
has discomed a process by which the calorific rays in the solar spee- 
tnim are made to affect a surface properly ] repared for that pur- 
pose, Re to form M-lint may be cfillcd :i t liermograph of the spec- 
trum ; iu which the iiiLensity of the tlx t mic ray of any given refran- 
gibilily is indicated by the degree of wiutcness produced on a black 
gionnd, by the action of the ray at the points where it is fcceived 
at that sumce, the most remarkable result of which is the insula^ 
tion of heat-spots or thermic imti^^ of the sun quite a])art from the 
great body of the thermic spectrum. Thus the whole extent over 
which ])riBmatic dispersion scatters the suu'b rays, including the 
calorific effect of the least, and the chemical agency of the most re- 
frangible, is consideiably more than twice as great as the Newtonian 
coloured spectnim. 

In a second note, communicated March 12, 1840, the author de- 
scribes his process for rendering visllile the thermic spectrum, which 
consist« in smoking one side of very thin white paper till it is com- 
pletely blackened, exposing tlie white surface to the spectrum and 
washing it over with alcohol* The thermic rays, by drying the 
points on which they impinge more rapidly than Ihe rest of the sur- 
ftce, trace out their extent and the law of their distribution by a 
whiteness so induced on the general blackness wliieh the whole sur- 
face acquires by the absorption of tlie liqtiid into the j)ore.s of the 
paper. He also explains a metliod by which the impression thus 
made, and which is only transient, can be rendered permanent. 

This method of obsenration is then applied to die further exft- 
mination of various points connected witli the distribution of the 
thermic rays, the transcalesccncc of particidar media, the polari- 
zation of radiant heat (wliich ii easily rendered sensible by this me- 
tbod ), tS.:c. The reality of more or less insulated sjxits of heat dis- 
tributed at very nearly equal intervals along the axis of the spec- 
trum (and of which tiie origin is proMfy to be sought in the imt 
glass prism used^but po$Hbfy in atmospheric absorption) is esta- 
blished. Of these spots, two of an oval forra, are sitnatrd, the one 
nearly at, and the other some distance beyond the extreme red end 
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of the spcctnim, a!nj are less distinctly insulated; two, perfertly 
l uuud and well-iuauiated, at greater distances in the same direcUoa; 
• and one, very feeble and leas satisfactorily made out« at no lest a 
dbtanoe beyond the eztieine red tiiaii 432 parte of a scalem wUeli 
the whole esfcent of the Newtonian coloured spectmm occupies 589* 

March 19. — Besearcbes in Electricity , Seventeenth Series : am 
the source of power in the Voltaic Piie*" By Michael Faraday, £flq<y 
D.C.L., F.R.S., &c. 

In this series, the autiiur continues his experimental investigation 
of the origin of deotrio force in the voltaic pile. Having foond 
abundant leaaon, in the experimentft already described, to believe 
that tlie electricity of the pue has its origin in the chemical force of 
the acting bodies, he proceeds to examine how tho circumstances 
which can attect thf affinity of s^ubshmfn s for each other, influence 
their power of piouucing electric currents. First, with relation to 
heat circuits were made of a single metal and a single fluid, and 
these were examined with a view to ascertain whether, by applying 
heat at one of the junction^ only Ihernio-currents can be produced* 
Some peculiar effects of heat are noticed and explained ; and several 
very necessary precautions in conducting these evperiments are 
pointed out; and it is found, when these ai'c guarded against, that 
heat has a decided and distinct effect over the chemical athuUies of 
the parts of a circuit subjected to its power, and a corresponding 
influence on the electric current produced. Tiiia proceeds to snca 
an extent, that, in some cases, either of two metals can be made po^ 
sitiv(; or iieirative with respect to the Other in the same fluid, soleiy 
by virtue of this power of heat. 

The effect of dilution is tlien examined. For tiiis purpose, only 
one metal and one fluid are used in a circuit ; but tlie fluid is 
rendered more dilute at one point of contact than at the other* 
Firrt, it was ascertained that such dilution produces Uttle or no ef« 
feet with metab which are not acted on by the electrolyte employed ; 
and the precautions requisite as to other points are then stated. 
But when these are observed, still dilution is found to have a most 
powerful influence on the results ; and» as the author believes, 
solely on account of its influence on the active chemical affinity. 
Hius copper in dilute nitric acid is positive with respect to copper 
in strong nitric acid ; and the same b the case with lead, silver, and 
(jther metals. It is not that the piece in the weakest acid is always 
positive with respect to tliat in tlie stronLTcr nc if! ; for, in the first 
place, some very eurious eases are given, ut wliich a ])iece of metnl 
in acid of a certain i^trength is po&ilivevii^ respect to a piece of the 
same metal in acid, either stronger or weaker; and, in the next 
places other cases are staled in which the piece in the medium acid 
is neg a tim with respect to the other piece in either stronger or 
weaker acid. The effect of dilution in nitric acid is siieli. that when 
certain different metals are eoinpared together, one can, at pleasure 
be made positive or negative with respect to the other ; thus, of the 
five metals, silver, copper, iron, lead, and tin, any one of them can 
be made ^ther pontive or negative with respect to any other; witb 
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the sole exception of silver positive with respeet to copper. The 

inconsistency of these results with any theory of contact electromo- 
tive force is then strongly insisted on by the author. 

The next division of the paper treats of the order of the metallic 
elements of voltaic circuits when ditt't n^nt electrolytes are used. It 
is usual to say, that metals are positive or negative with respect to 
each other in a certain order ; but Davy, and afterwards De la Rive, 
showed that, in certain cases, this oraermust be inverted. The 
author, by using ten metals and seven diff.^rcnt exciting eUctroh'tic 
solution?!, !*hows that in no two solutions is tiio order the same ; but 
that changes of the most extrcnui kind occur in exact coutormity 
with the changes in chemical action, which the use of the different 
solutions occasions. 

The next <livision of the p iper considen the very numerous oases 
in which voltaic circuits, often such as arc able to effect docompo- 
pifio!!, arc produced witliout anv ni^'tallic contact, and hv virtue of 
chemical action alone ; contrasting them with the numerous cases 
given in the previous series, where contact without chemical action, 
whether it be the contact of metal with metal, or with chemically 
inactive electrolytes, can produce no voltaic current* 

There tlu n follows a consideration of the sufficiency of chemical 
action to account for all the plicnonicna of the pile. It is shown 
that chemical action does actually evolve electricity ; that according 
as chemical action dioiinishes or ceases, so the electrical current di- 
minishes or ceases also ; that where the chemical action changes 
from side to side^ the direction of the current Itlcewise changes with 
it;Hhat where no chemical aetion occurs, no current is produced, 
but that a current will occur the Tnoment cheniieal action com- 
mences ; and that when the cheniieai action M-hich has, or could 
have produced a current is, as it were, reversed or undone, the cur- 
rent is reversed or undone likewise ; that is, it occurs in the oppo* 
site direction, in exact correspondence w ith the direction taken by 
the transferred anions and catliions. The accordance of the chemi- 
cal theory ui' excitation witli these pUeuomena, is considered by the 
author ai of the strictest kind. 

The phenomena of thermo-electricity are considered by some 
philosophers as affording prooCs of the efficacy of mere metallic 
contact in exciting an electric current* The author proceeds, there- 
fore, to examine these phenomena in relation to such an action, and 
arrives at the conclusion, that they in fact disprove the existence of 
such a power. In thermo-electricit\- tlie metiils have an order which 
is so different from that belongitig to them m anj electrolyte, that it 
appears imposrible to consider their succession, in any case, as due 
to any mutual effect of the metals on each other common to both 
modes of excitation. Thus, in the tliernio-circuit, the electric cur- 
rent is, at the hot place, from silver to antimony, and from bismuth 
to silver ; but in a voltaic series, including dilute sulphuric or nitric 
acids, or strong nitric acid, or solution of potash, the electric current 
u from silver to both antimony and bismuth; whilst if the 
yellow sulphuret of potash be nuneOf it is from both antimony and 

Pktl, Mag. S. 8. VoL 16* No. 103. April 184^. Z 
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bbnittth to silver ; or if the h^dro-snlplmrct of potash be used, it t» 
from bismuth to silver, and from silwr to antimony ; and, finnllv. 
if ??trong luuriatic acid be used, it is precisely the reverse, or trotn 
aiitimoiiy to silver, and from silver to bismuth. The iuconsistency 
of these results with the contact theory Is then insisted on and 
further developed. 

The last section of this series is <hi the improbability of there ex« 
istincf any such force as the assuvtied contact force. The author 
coiitt lids that it is against all uatural aaaiugy and pn)l>ability that 
two particles which, being placed in contact, have by tlie ir mutual 
action acquired opposite electrical states, should be able to discbarge 
these states one to the other, and yet remain in the state they were 
in at the first, I. entirely unchanged in every point by what has 
previously taken pl^cc ; or, that the force which ha-? enabUd t^^ o 
particles by their mutual action to attain a certain >t;itr, should 
not be sufficient to make them keep that state. To aduat such ef- 
fects would be, he thinks, to deny that action and reaction are 
equal. The contact theory, aoconiing to him, assumes that a force 
which is able to overcome powerful resistance, both chemical and 
mechanical, can arise out of notliir^-j-. That without any change in 
the actinj^ nmtter, or the consunijHiou of any other force, an electric 
current can be produced which shall go on iur ever agairk>t a con- 
stant resistance^ or only be stopped, as in the voltaic trough, by the 
rnins which its exertion has heaped in its own course ^^-this, the 
author thinks, would be a creation of power, such as there b no 
example of in nature ; and, as tliere is no difficulty in converting 
electrical into mechanical force through the agency of magnetism, 
would, if true, supply u^ at once with a perpetual mulum. Such a 
oonditiiiMi he ooinriders as a strong and sufRcient proof that the 
theory of contact Is fbonded In error. 

FRIDAY-EVENING MEETINGS AT THF noYAT, INSTITUTION. 

January 24, 1840. — Mr. Faraday on Miltaic ])rr( i[)itatini)s. 

January 31. — Dr. Cirant on the structure and growth of corals, 

1 cbruaiT 7* — Mr. Faraday on a particular rdation (Dove*s) of 
oondensabfe gases and steam. 

Febmary 14i^Mr. Catlin*s account of his residence and adven- 
tures among the native tribes of Nortii America, witli notirrs of 
their social condition, customs, mysteries, mode of warfare, torturest 
Ac. 

February 21. — Mr. Nasmyth on the origin of alphabetic charao* 
ters, and on the pneumatic mirror. 

February 28. — Mr. Brayley on the application of science to the 
choice of building stones, with reference to the selection of stone 

for the New Hon-ses of Parliament. 

March ().— Tlie Rev. Mr. Hinckis on the monstrosities of plants. 

March I'.i. — Mr. Grove on voltaic reaction, or the phfenomena 
usually called polarization. 

Mr. Grove detailed the first experiments of* Volta, Erman, Ritten 
and Davy, the more recent ones of De la Rivr, the explanation of 
these by Beoquereli and the coufirmation of this latter philosopher's 
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fmiDion by the ezperimeots of Dr. SehcenbeiDy Mr. Matteuoci» and 
Mr. Grove himself; all vhioli* as well as the experiments of Mr. Gro^e 
on the inactivity of amalgamatH zinc, which he proved to be due to 
tfio same order of causes, have been already ^\\ vn in full in various 
numbers of the Phil<M»ophieal Magazine. All tin < tl* i ts which have 
generally beeu included under the term polarizauuu were proved by 
Mr. Grove to be traceable to one principle, vis* the eleetiolytie 
transfer of eleneBts having for each other a chemical affinity, and 
the reaction caused by this affinity when the decomposing and trans- 
ferring power, L e. the initial voltaic current, is arrested. Wliat we 
are most anxious to call the attention of our readers to, are tiie asto- 
nishing effects exhibited by Mr. Grove at the conclusion of his lec- 
ture. Two batteries, little differing in eonstraetion from that de- 
scribed by him in the Lond. and Edinb. PhiL Mag., were charged 
some time previously to the lecture, and up to the period of its 
conclusion remained in perfect inactivity until the circuit com* 
pleted. One of these was arranged as a series of five plates, and 
cobtained altogether about four square feet of platina foil ; with 
this the mixed gases were liberated from water at the suiprising 
rate of one hundred and ten cubic inches per minute. A sheet of 
platinum, one inch wide by twelve long, was heated in the open 
air through its whole extent, and the u<;ual class of effect? ]>ro- 
duced in correspoudiiitr proportion. With the other arrangement, 
consisting of htty piatt^ ui two inches by lour, arranged in single 
aeries^ a voluminous flame of one inch and a quarter long was ex- 
hibited by charcoal points, which showed beautifully the magnetic 
properties of the vi dtaic arc, as Dr. Faraday held a pie<^ of iron 
near it, being attracted and repelled by different pdi-tinns of the 
iron: bars of different metals were iu^^tautly run into i2;lobules and 
dissipated in oxide. It should be borne in mind that all these effects 
were produced by a batteiy which did not cover a space of sixteen 
inches square, and was only four indies high, and which had been 
chaiged for some hours. 

'Mr, Grove adverted to the letter of Prof. Jacobi to Dr. Fnrnday 
pubUshed in Lond. and Edinb. Phil. Mag., vol. w. p. IHl , and i>tated 
that Mr. Fattison, who navigated the Neva with Prui. Jucubi in Octo- 
ber last, had observed that the batteriesemployedwerecmMr. Grove's 
construction, which the Professor without hesitation admitted. 

March 20. — Mr. Schombuigk on the aborigines of Guiana. 

March 27. — Qtegjo^ on the statistics of disease and mortality 
in London. 



X#VI. Intelligence and Mhcellaneous Articles^ 

THEORY OF SUBSTITUTIONS. POND GAS. 

MPERSOZ sent a letter to the Academy of iSciences, relating to 
• the conversion of acetic acid into pond gas and to the theory 
of substitutions. Tlie uuthur appears to have written, lest some ex- 
pressions made use of by M. Dumas, in the sitting of the 13th of Ja- 
nuary, should create a belief that he had entertained the ^ame views 
as M. Dumas in arriving at the discovery of the production of pond 
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gas from the acetates. He eDclea:voun to diow that if they have 
both airived at the same conclusion* the means by vhkh they have 
done so are peculiar to each and have nothing in common. On this 
subject M. Persoz recite« several passages from a memoir which he 
sent in Januar}^ 1838, under the title of On the necessity of distin- 
guishing in chemical actions the phtenonienon oj displacement J rom those 
of ^iteration ; this memoir is still nnpubUthed, and M. Damas has 
decl^ircd that hems unacquainted wi& it ; it contains the details 
of experiments, from which M. Persoz states it clearly results — 

1st. lliat acetone contains two volumes of oxide of carbon. 

2nd. That protocarburetted hydros* ii fra" i« derived from acetone, 
;uid not from acetic acid, and consequtjntly that the protocarburetted 
hydrogen which arises from the decomposition of the acetatea, can- 
not be as M. Dumas supposes the immediate product of tlie decom- 
position of acetic acid by hydrate of potash ; bat, on the contnury« a 
consecutive secondary product resultins^ — 

a. From the action which heat exerts on acetic acid, whether in 
a iree &tate ur combined with bases. 

h. FVom the acdon which water exerts on acetone, one of the 
immediate products of the action of heat on acetic add (MM. laebig 
and Pelouze). 

3rd. That this pond gas is formed by the disappearance of two 
volumes of oxide of carbon, and the assimilation of two volumes of 
hydrogen, derived from 1 eq. decomposed water, 

- From the preceding statements. M. Persoz adds, it ia evident that 
he has not adopted the views of M. Dumas in expkiuing the forma- 
tion of pond gas; and that the fact of its formation, sofSir from offer- 
ing proof in favour of tlie theory of pnb^stitutions, justifies tlie 
statement which he has made respectiriLc it, in the following pas- 
sage of his " Introduction to the Study oj Molecular Chemistry," p. 

863. 

" When M. Dumas maintains that chlorine is isomorphons with 

hydrogen, he lays it down as a principle, that bodies may be totally 
chanfrfd in their elementary conditioTi, 'w ithout varying in their mo- 
lecular composition ; we think this theory ought to be rejected as 
being contrary to experience : it is dangerous iu its application, for 
to a certain extent it dispenses with the consideration, of the aelion 
which the first products, formed during a reaction, exert upon tiioae 
which have not yet been altered." 

In applying then the theory of substitutions to the formation of 
pond gus, obtained by the decomposition of acetic acid by means of 
an alkali, M. Dumas has not excluded the action which heat exerts 
upon acetie acid, and has thus neglected the compounds which re- 
sult from it. He has, moreover, considered the formation of pond 
gas as tite looduct of a simple action, whereas it is really the result 
of a complex one. La.'^tly, M. Dumas has completely neglected the 
action which water may exert, which in the formation of pond gas, 
acts according to M. Persoz a most important part. 

M. Dumas has lately advanced, as a new argument in favour of 
the Uieory of substitutiojis, the fiict of the identity which he has 
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Btatetl to exiat between the final product of the action of chlorine oq 
protocartraretted bydrogen, and the final product of the action of 
ddonne on chloroform : a final product which is represented by C* 
CI', and obtained in the first case by the loss of ei^ht volumes of 
hydroc^n, replaced by eight vohimes of chlorine, and in the second 
case by the loss of two volumes of hydrogen, replaced by CI*. 

It appears to M. ir'ersoz that in this case M. Dumaii has con- 
founded a phenomenon of altention ^th a phenomenon of dis- 
plaoement. WiU it be and* Aat because on huimng four Tolumes 
of protocarbnretted hydro]^en with an excess of oxygen, there are 
obtained four volumes of carbonio acid containing four volumes of 
oxviren pqniv{dciit to eight volumes of hydrogen, there occurs in 
this tact aii additional proof in favour of the theory of substitutions, 
and that eight volumes of hydrogen being taken from C* they 
ought to he replaced by four volumes of oxygen ? Will carbonic 
add be ever confounded M-it)i protocarburetted hydrogen in the same 
chemical type ? certainly not; for all chemists agree, and M. Diimas 
especially, in admitting that in such a combustion the quantity of 
oxygen fixed with tlie carbon depends on the number of the atoms of 
the latter body -, so thatt in an organic compound, two atoms of 
carbon being combined iffith eight to twenty or any number of 
atoms of hydrogen, this compound being decomposed by excess of 
oxygen, there will be only four volumes of oxygen combined with 
the carbon. Will not M. Dumas admit, that in destroying, m he 
has done, with excess of chloriue, chiorojunn und protocarburetted 
hydroffen, compounds which both contain two atoms of carbon, he 
could in fact obtain only chloride of carbon, corresponding to car- 
bcmic aad« that is to say 2 C CI* = Cl^, in the same way as by de* 
atroyiag protocarburetted byf^rogen by excess of oxygen, there are ob- 
tained 2C 0*=C'0*, without resorting to his theory of substitutions ? 

M. Persoz adds, that it appears to him impurtaut to refer to the 
fact tiiat the formation of pond gaa served him as a means of disco- 
vering the mysterious agency ot water in the reactions of organic 
bodies. By thia decomposition of water, he expluns the conversion 
of starch into sugar, that of sugar inM alcohol, and that of certain 
immediate principles into essential oils ; and he also conceives that 
he can reduce to the same order of phaenomena (that of oxidize- 
ment) the action of nitric add and hydnte of potash on sugar, 
whidi, aa it is well known, is converted by both of these agenta mto 
oxalic BaiL—L*In»tUut, No. 323. 



ON ARSENIC CONTAINED NATURALLY IN THE HUMAN BODY. 

M. Orfila ha- rmd a memoir on the above subject before the Uo^ al 
Academy of Medicine ; the experiments detailed were made viuth M, 
Couerbe, and their olgeet was to solve the foUowing questions : 

1st, Does axaenie exist originally in the human body ? 2ndly, Do 
the viscera contain any ? 3rdly, Can its existence in the muscles be 
proved ? 4thly, Is it possible to determine that the arsenic obtained 
from a corpse is not that which originally existed among the ele- 
ments composing the tissues, but was iutiuducid mto the digestive 
organs, applied to the exterior, &c. ? 
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I. Anoiie eafto in hvaiMi bones; if the boMt of on odvlt bo 
flriniwl, tokang care not to raise tfio te mp— to r e too high, ood to 

oroid contact with the fuel, these bonei, t\-hen reduced to powder 
Hnd trt'Hted with purified sulphuric firul, and then tried in Mfir«>\*s 
appardtu!", will yield brown, iMiUututand thick aroenical ^puts. Tiiis 
result was obtomed both Irum the bones of corpses of aidulu who 
bod beoo dood tome days, or hunod for oono aovAo. 

Wbeo tho cokiaotian is oifeetad ot o wbite boot, BO OfOMiiD it ob* 
tHDod, nor It any procured from the commeroo l odo oe d 

to a soft paste ; but if they be subjected to heat and the processet 
indicated (nitric acid, potaab and toJj^biuic ocid)* a ctrtaia quaotilgr 
of arsenic is obtained. 

From this &rst series of experiments, which amount to fourteen« 
loondode, sayaM.Qifik, itt, TiMft tbe boooa of tiio bnaan odok, 
of tbobone,oK, aod abeepooBiM ottoatopottiDBa of ontiiiq, which 
it is possible to discover by treating tiio boBoa witb potaab puiifc ad 
by alcohol and pure sulphuric acid. 

2ndlv. Thi:* qiinntitv of arsenic is not increased by loner ljunal. 

3raiy, Mtrihcation removes a portion of it. which is undoul^edly 
occasioned by the Yolatili;»tion which it occasionfi. 

4tbl7. AsMog thooooditiflMB inpoonUe to tbe diouuo o iy of og» 
aenle» mnat bo oqiomally rodumed tbat of not taikama^ thie boMO 
too strongly, and seccmdly to avoid carefully the contact of fuel. 

5thly, When bones are tioatod witb p«lo water and oholMtio^, 
no arsenic is discoverable. 

6thly, If in operating in this mode, any arsenic be detected, it 
baa cerbunlj been in aome mode introdooed into tbo onoMOfij. 

II. No onenwia found m tbo viaoeroimloaa it baa boon obooibod. 
Tbo organs of a dog wbich was hung, treated by tbo usual pro* 
cesses, did not yield any. The blood, brain, the liver, spleen, kid- 
neys, intestines, ftomach, &c. gave no traces of it ('arbonized 
with nitric acid, and RftervvHrd? tried in Marsh's jiriratu.^, M bite 
upake spots only wure obtained, and these were nl&u produced with- 

out tilo pfoaonoo of tiMoe oiigMBo Mattoca* 
The l&erof anodolt gsfo nono; nor did Ibo doaootionn aodo 

with vaiious organa ^lold any. 

From these facts we may conclude, obser«i-r= M. Orfilri, hut not 
positively, that the viscera do not originalh c tnt;uu arsenic ; or to 
state the fact more accurately and not to prejuciLrc tlie cast, it may be 
asserted, that they do not yield any when treated with boiling water, 
ralpbiuottod bydn^en, or wImb oartonised by oonoentioitod nilao 
Oiad, &c. It may so happen tbat tiie quantity is too small to bo 
detected by solpbaetted bydrogen, or tint it is lost by oafbonisation s 
but by acting on a large quantity of bmin or other orgwis, it may be 
detected. At any rate, it is suificieut at present to have ascertained, 
that the viscera yield no u»enic by the reactions described, unlesa 
it bat been introduced by poisoning. 

m. It ia not proved tbat mnaeolarieabeaBtatnaavwnio: twalvo 
pounds of it taken from the ooipoe of an odult, carboniaod by nitrie 
acid and tested by Marsh's apparatus, gave white opake spots ; some 
were bnlliant^ witb i blueub tints otben wen yellow, and bad 
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amenical appeannoe : diseolTed in boiling nitric add, they gave no al- 
Baccous f mell when put on red-hot charcoal ; in fact, they possessed 

none of the charucteristics of arsenic, llic^e i«pnts were, liowevcr, 
very numerous ; submitted for nearly twenty days to a current of sul- 
phuretted hydrogen gm, they gave no indication of arsenic, it is pos- 
sible that they were a mixture of arsenic and animal matter, and that 
the muscular flesh of two or three bodies might jrield some by ana- 
tysis; lastly, other processes may discover it in the same quantities 
as those employed, hy occasioning less loss; therefore, addsPij. Orfila, 
I will not conclude, positively, that arsenic does not exist in muscu- 
lar flesh. 

IV. It is possible to ascertain that the arsenic which may be dis- 
covered does not come from the organic substance itself, but that 

it has been combined with it by absorption. For if it be found in 
the bones, it will not be removed by lonji: boiling in water, unless 
it had hren introduced; and the same holds good with respect to the 
blood and the organs which have been examined. 

Itastly. if the muscles yield spots, some of whidi resemble arsenic 
at first sight, the distuictive characters which have been stated 
must be remembered ; and if the subject had taken arsenical re- 
medies, this circumi^tance ought to be particularly attended to.-« 
Jouraal de Chim. Med,, Dec. 1H39. 



METEOROLOGICAL OBSERV.VTIOXS FOR FEB., 1840. 

Chuwick. — Feb. 1. Cloudy: rain. 2. Very fine. Rain. i. noUterous 
with rain. 5. Ilain : clear. 6. Rain: doudy. 7. Bain. 8. IK:ivv Nhowers. 

9. Fine. in. Il.avy -howors: clear and very fitip rtt night. H l ino. I'J. 
Rain. 13. Very iiue. 14. Foggy. 15. Frosty : raili. 16. Hazy ami miltl. 
17. Dense fog. 18. Dry cold haxe. 19. Clear and cold. 90. Cloudy, with 
some inow-flakes fallins. 21. Bleak nnd cold. OvercaaL 23. Col l nnd 

dry. 84. Fine but cold. 25. Frosty bace. 26. Cold haze. 37. Cloudy, cold 
aaddfy. S8» S9* Flna but eold. 

jBMton.— -Fab. 1. Cloudy : rain r.M. 2. Fine: rain early a.m. 3. Stormy: 
rain early am* 4. Stormy : rain early am. i raio km, &, Cloudy: rain p.m. 
6> Cloudy. 7. Cloudy : rain early A.M. : rain p.m. 8. Fine: rain and snow r.M. 
91 Fine. 10. Rain. 11. Fine. 12 — 15. Fine : rain p.m. 16, 17. Cloudy. 18. 
Fine. 19. Cloudy: snow a.m. and p.m. 20. Cloudy : snow a. ». 21. Cloudy: 
^naw melted. 22. Cloudy. 23 — 27. Fine. 28. Cloudy. U9. Fine. 

Apj^gartk Manae, lhni^ne$-4kire. — Feb. I. Freqnent ibowen. 9. Frequent 
showers : snow gone. 3. Frequent showers. 4, 5. Shower a.m. : fair rest of 
the (Iny. 6. Rain very early : fine day. 7. Heavy rain a.m.: stormy p.m. 8. 
Occasional showers of rain and hail. 9, 10. Occasional showers of rain and hail 
with high wind p.m. II. Fine day : a few drops of rain. 12. Storm of wind 
and rain f.M. 13. Fine day: no rain. 14. Fine day, but cloudy. 15. Wet 
morning: ck>ared up r.M. 16. Calm, cloudy, and mild. 17, 18. Fine a.m.: 
grew cloudy and sharp. 19. Cold aMeriy wind, but fair. 20. Cold easterly 
ivintl with sliglit frost :\n<] snow showers. 21. Cold easterly wind: frost: 
threatening snow. "J-J — 24. Cold ea&tcrly wind: still frosty : sprinkling snow. 
S5. Cold easterly wind. 26. Beautiful sunny day, but still frosty. 87. Beau- 
tiful sunny day: Croat vary keen. SB. Cloudy all day: bat still freenag. S9l 
Fine frosty day. 

Sun shone ont 95 day«. Rain fell 13 days. Snow 8 days. Frost 10 dayn 
Wind north-easterly G days. Easterly 3^ days. South cartarly 7 dayi. 

Southerly 3i days. South-westerly 8^ duys. We»t 1 day. 
Calm 14| days. Modanle 8 di«ji» Brilk li day. Sifong beetle 2 dqra. 

Boiilarpiis S days. 



Digitized by Google 



13 S 



I 



II 



C -3 -J5 c I 



— ni 



cos 
S 



00 



^^'^-•f-i^*© :::: S : lo : S :::::::: ; 
^3»j?~9r«r>? '999? • • • •« 'o -o 



■fi <t. V) \rt 



I lis 2 8 " ^ it' ^ ^ -js > ^" ^- A- g •< « M ^- 

j -^^I 1-^ " H M M k: __M H ** " 

- s|| S »•■§ iiiihW -III 





Min. 




»< ! 




5? 




j -uoitoa 1 



-r X 'C I- -r i - - - 'oo-roox -r-rooif 



CO 
O 



.5 , X' c © >0 ^ C< I -J ■i-'^ i-o X 'C' ~' -r M cl O p X ^ an 



5 I ^ l^S9^^$S!3:9S>S^S^S!S:^7^^9)!S^^^;9l^^9$$99 



^ oop ■^'O r»i>»o 9 i^-^qp ov/: c> ■-• X 9 c» vp 

« Tf — if to ih cb » « 35 r-5 6 w . 1- 6 <5\ — o 



~ ^ «^ f**! 1-^ vh »h i/> 

O CO f*5 ro r-j ro CO 



00 

o 



to 



4* O ^ «?* os^b rjcb r>» <f« co >c r^o cbi^«l^«^»fic<6>0«/><jr5 if 



B I ^ osac -r — • ri »c «o r~ -r oc' ~< — f -^i ^ ./-j ro -r 
1 6m» cfi X x, ~ c^ ON d\ C> 6^ :r . 'cr^ c o c c = -= 6 66666 

j> r^i C< c^ CI c< c« C« fO ro CO fO f O <0 ro C** r-'^ r*^ r-) 

o 'T o o o o< r-^ o o 30 uo o — i-r o x ir: o fo — f c uo 
S |c<OQOr- — too coo 'ors tt--'TLr:c^— co-t-t'O'n coiOiOTforo 



CO 
C4 




n 



»0 r- On CO 00 — cr» 

o g o ro r>. o 



I o ONop »o»a>c«ot>ir)mvor>.fovo» o lomr^vou 

(r^CT^30cb6^6^3^6^C^6^i^C^6^6^6^C^C 6 6 6 6 66 6 6 OOOO 
C< 0» CI C* 0« CI r-4 C4 0« C« CO CO CO O CO O (-O CO <o t*> ro c*> 

fO<o — • c»<o r«-*o c* ON*o m — r>»^ o •^c«'Or*»cp c* r^t'*— r*o<o>'* 
^^^^ ^^^^gk^ 9t ^ pNa^o\cftooocoo66obo66 



e*C<C»C*cocorOOOrococorocorororo 



00 



o 

ro 



9k 



^ao«OQOC<^«*^oc<'*^«o<o*ooovo*o 
c» CO >n -r o -r c« lo 'O ci c* on o> o -— lO 

X t^ r-- O --H CO p Ci <^ c*! ro 

Q> ON 6^ X o\ ^ cTv cr» o\ 6s 6' <^ c • ^ 6 c 6 o 6 o o o o o. c 
c»c«c«c«o»c»c»«c«c*c«c«c«c»c«c«coocofOf-5forococonconco 



00'*'*X-Tt^CCI-tOO 
CO »r: t-- -T O lO GMO d X >0 
CO CO — O — « 1^ lO to lO r» 



-! c? «4 ^ « *o ri fl^ c^ o 2 ^ ^ 2 - - S 



C* w c* c« w c« c« 



OD 
OS 



c 

I 



Digitized by Go 



THE 

LONDON AND EDINBURGH 

PHILOSOPHICAL MAGAZINE 

AND 

JOURNAL OF SCIENCE. 



[THIRD SERIES.] 



MAY 1840. 



LVII. On the Boulder Formation^ or drift and associated 
Freshwater Deposits composing the Mud-diffs of Eastern 
KorfiUk, By Charles Ly£LL» Esq,^ y,F.G*S., F.ltS,^ ^* 

'T^HR cli& exteocUng from Happitburgh or Hasborough 
^ I'lght-boase to near Weyboame, north-west of Cromer, in 
Norfolk* comprising a distance of about 20 milost are desig- 
nated in some maps as '* the mud-cliffs." They are for the 
most pnrt composed of deposits of two kinds, first, stratified 
and unstratified drift, called hv some " dilLivimn secondiv, 
freshwater strata. Both o( these rest on chalk, w liicli is usually 
concealed below the level of the sea. Occasionally between the 
chalk and drift or the chalk and freshwater beds, a diiu layer 
is found of marine crag, agreeing in its fossils with that of 
Norwich^ hot oecnrring only in patclies of small extent* ex- 
cept near Weyboome» where it is more continuous* 

The drift» which sometimes attains a thickness of more than 
300 feet» consists principally of clay, loam, and sand, in some 
places stratified, in otliers wholly devoid of stratification. 
Pebbles, and in some places large boulders of granite, por- 
phyry, f^reenstone. Has, chnlk, and otlier transported rocks are 
inter:,per6ed, ci-pecially in tlie unstratified portion. Pure and 
unmixed white chalk rubble, and even huge fragments of so- 
lid chalk, are also associated in some localities. No fossils have 
been detected in this drift which can positively be referred to 
the sera of its aocumulation; but besides the oi^nic remains 
derived from seooDdary strata* it contains almost everywhere 
brokeii fragments of shells which agree in species with those 
of the Norwich crag, from which tliere is good reason to lie- 
lieve them to have been washed out. 

* CSoHMnuQicated by the Author. 
PkiL Mag, S. 8. Vol. 16. Na 104. May 1840. 2 A 
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The freshwater strata associalcd with the boulder forma- 
tion above mentioned occur lor the iiiobt part in patches at the 
bottom of the drift, and immediately above the subjacent chalk 
and crag, where the latter is present, as may be seen at a 
riety ofpiaces between Happkbm'gh and Runtoa near Cro- 
mer. The two spots where it is most largely de?doped are 
at Mundesley and Runton. At the latter place it imderliea 
the drift and rests immediately on chnlk, with the occaaional 
intervention of marine crac^; while at Mundesley it occupies 
for a certain space the whole ciiif, taking the place as it were 
of the drift, and appearing in part to be of contemporaneous 
origin, and in part of sul)se(|iient date and superimposed. 
Everywhere it contains the same species of shells, and as these 
are almost without exception identical with well-known Bri- 
tish species, it is evident that the entire formation of the nrad« 
cli£f8» whether freshwater or drift, bdough to the latest part of 
the tertiary period, the only doubt being whether it should 
not rather be considered as post- tertiary or referable to a class 
of deposits which contain exclusively shells of recent species. 

T mention at once this conclusion, because the recent origin 
of the drift adds a peculiar interest to the great derangement 
and change of position which it has undergone since its 
deposition. In no other parts of our island, or perhaps of 
Europe, are there evidences oi local disturbance on so great 
a scale and of an equally modern date, for there are proois of 
the movement both downward aad upward of strata aeveral 
hundred feet thiek Ibr an extent of many milea ; together widi 
most complicated bendingi and foldings of the beds md the 
intercalation of huge masses of chalk, and what is no less per* 
plexing and difficult of explanation, the superpoaitioo of cioo- 
torted upon horizontal and undisturbed strata. 

The line of camt in which the formations above nllnd*Hl to 
are displayeti was well described in Mr. R, C. l aylur^s Geo- 
logy of East Norfolk, ]HibHshed in 1827, and afterwards in 
Mr. Woodward's Outline of the Geology of Norfolk, 1833. 
Both these papers are the result of a careful survey of the 
coast, and contain original obacffvatioos of gKat meriL In 
both are given odlonred sections of the dil^ firom wbidi a 
good general idea of their atructure and composition may be 
derived. A memoir was also read to the Geological Sooety 
in January 1837, by the Aev* W. B* Clarke, in which among 
other remarks he insists on the necessity of aeparating ibe 
diluvium of Norfolk from thccrnjr*. 

My own obser vations on the coast of East Norfolk were 
made first in the year 1829, and afterwards in 1839; and as 

• Geological Ttaniactiont« fbad mim, vol. v. part li. p. 363. 



Digitized by Go -v^i'- 



and Fresftwaler Deposits qf Eastern Norfolk. 347 

the sen has been continually encroaching on the clifl's, I fouiid 
after m\ interval of ten years that a different section of the 
same beds was exiiiliited, and some dilhculties cleared up 
which I had been unable lo explain on my first visit. Never- 
tlieiess a high beach precluded me at bodi periodi> fi (jiii ob- 
taining a view of the lowest beds, uhicliare sometimes ex- 
posed in winter at low water, aiid ailer storms. During my 
laft visit in particular (iad9) the prevalenoa of easterly gales 
prcfvenied my Meing ia tome plaoos no less tluui IS leeC in 
wticftl height of the teetion whicb was mibte m the summer 
of 182d. 

The principal deposit which constitutes the ntttd ciifis of 
Eastern Norfolk is strictly analogous in character to that which 
has been called the " boulder formation " in Denmark and 
Sweden, and which, from the numerous erratics included in 
it, forms so remarkable a feature in the superficial geology of 
Scandinavia, and all the countries surrounding die Baltic, as 
well as northern Russia. It may be said to extend uninter- 
ruptedly Iroin .Sweden through the Danish islands, HuUicin, 
and the countries of Hamburgh^ Bremen, and O^nabruck, to 
the borders of Holland* and then to appear again with the 
seme chenuters in Norfolk end Suffolk. Tfacoughout tlib 
trect» boereWt the evenige nnmber end dimenaions of the io- 
elnded erreiic blodu, eBpecinlly those of grenttt^ porphyry, 
gneiei» and other cryaieUUie roeks* diminiflhei eraaibiy on 
proceeding from north to south. 

As I am of opanion that the boulder formation in ail these 
countries has been accumulated almost exclusively on ground 
permanently submerged beneath tlie waters, and ihftt it does 
not consist of materials transported either by one or many 
transient rushes of wnter over land which had previously 
crnerp-ed, I shall dis|.jeiiic as far as possible with the term 
diiuviuiii," substituting that of drift " for such portions 
of the deposit which cannot be proved to be iiesh- water. 
Ptft of this drift eoneisis of day end loam wholly devoid of 
Mniti6eation» to whidi the name of till " najr be applied^ a 
pfovineial tarn wUely used in Scotlattd for shnilar masses of 
lUiMretified matter, which tlmiii aleo eenlani most commonly 
induded boulders. The entire want of a stratified arrange* 
ment tn the HU^ whether in Scandinavia, ScotUmd, or Norfolk^ 
Implies some peculiarity in its mode of origin ; jtft in all these 
countries some of the till has accumulated contemporaneously^ 
and apparendy in the same body of writer, as much of the 
acconij)anymg stratified grovel, sand, and clay. Moreover tiie 
stratified drifts are often identical in composition with the ////, 
the distinction consisting merely in the mode of arrangement* 

2 A 2 
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I have seen no kind of deposit now in progress precisely si- 
milar in character to the till, except one, namely, the terminal 
moraines of glaciers. These, as Charpentier has justly re- 
marked, are entirely devoid oi stratification, because tlie ac- 
cumulation has taken place without the influence of any cur- 
rents of water by which the materials would be sorted and 
arranged according to their relative weight and sute. Year 
after year the ice, as it melts at the extremity of a glacier, adds 
fresh mud, together with fine and coarse sand, gravel, and 
huge blocks, to the moraine, all being carried to the same 
distance*, witho!it the least reference to the volume or spe^fic 
gravity of the component particles or masses. 

There can be no doui)t that similar accumulations must 
take place in those parts of every sea, where dri$t ice, into 
which mud, sand, and blocks have been frozen, melts in still 
water, and allows the denser matter to fall tranquilly to tlie 
bottom. The occasional intercalation of a layer of stratified 
matter in the till, or the superposition or juxtaposition of the 
same» may be explained by the existence or non-existence of 
currents, during the melting of the ice, \s h ether sncoessivdy 
in the same place or simultaneously in different places. 

It is, I believe, common error of those who are not un- 
willing to admit the agency of ice in reference to the larger 
fragments of transported rock, to forget that what carries 
heavier mass^ from place to place must unavoidably convey 
a much larger volume of lighter and finer materials. 

Having offered these preliminary remarkii, I bhall proceed 
to describe in detail some of the appearanees which present 
themselves to one who travels along the coast from Ha»* 
borough to Weybonme. The secdon of the mud di& b^ins 
at the more southern of the two lighthouses about a mile and 
a half south of Hasborough. The clifis here, which are be* 
tween sixteen and twenty ket in height, are composed generally 
of a mass of blue clay covered with yellow sand, the clay and 
sand being both stratiiied in some places with great regularity, 
but in others the clay or mud is quite unstratifted. IncUulcd 
in this it'll I found pieces of unrounded white chalk, angular 
chalk Hints, iragmeuU ut argillaceous limestone (lias ?), blocks 
of dark greenstone, and other rocks. There are also inter- 
spersed pieces of shells, apparently belonging to Cyprina, Car^ 
diunif MactrOf and TeUina^ such as might nave been derived 
from the denudation of the Norwich crag. At some points 
where stratified ciav reposes on the till, the surface of the latter 
is very uneven, and was evidently so when the superior de- 
posit was thrown down upon it. Examples of intercalation of 

* ^fM. dSw M'mt, torn. viii. 
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till between laminated beds of clay and loam are not nnfirequent. 
In 1889> I flaw at a spot between the two lighthousefl, till rest- 
ing on stratified clay and covered by stratified gravel and 
white chalk rubbl^ which latter formed the top of the cliff. 

Owing to the continiinl dilapidation of the cliffs the details 
of the sections seen by me in 1829 and 1839 were very dif- 
ferent. During my last visit the beach at Hasborough was 
too liigh to allow me to see the fundamenlal bed of lignite 
which exibt^ there, which in June 1829 was exposed at low 
water, the descending section being then as follows : 1st, sand 
and loam» IS feet; Sndiy, unstratified mnd or till varying 
from 8 to 16 feet; Srdly, laminated sand and clavi one foot 
and a hal^ part of the clay being bituminous and inclosing 
compressed branches and leaves of trees. The clays, whicn 
were blackish, greenish or brown, contained occasional layers 
of small pebbles, rounded and angular, mostly of chalk flint* 
The entire height of the cliff was about 35 feet. 

This locality has been mentioned by various authors as the 
rincipai site of the submarine forest of East Norfolk, which 
as been described as occurring about the level ot low water; 
and Mr. R. C. Taylor observes of this deposit generally,— 

i'hat it coiudsts of forest peat, contaioiiig fir cones and fragments of 
hofiM) io othen of woody clay $ and ebewnere of large itoolf of trees 

st:inrHng thickly together, the stems appearing to have been broken off 
at><)ut 18 inches from their base. They are evidently rooted in the clay or 
sandy bed in which they originally grew, and their steins, branches, and 
leaves lie around them, flattened by the pr««rare of from 30 to 300 feet of 

diluvial deposits. It is not possible to say how far inland this subterranean 
forest extends ; but that it is not a mere external belt is obvious from the 
constant exposure and removal of new purtions, at the base of the cliffs*.'* 

A letter of the Rev. James jLiayton is thus cited by Mr. 
Fairholme : — 

** One remarkable ieatnre in this compact blue clay is a stratum of 
wood, exhibiting the appearanca of a wood overthrown or crosbed iit dim. 
At Paling the stumps of trees sccn^ now to be really standint:, tht- ront^ are 
strong, itpread abroad, and intermingling with each other ; were a torrent 
to sweep away the mould from the surface of a thick wood, leaving the 
roots bare in the ground, the appearances would be exactly the same. 
This phicnomenon occurs again at Hasborough: the line of crushed Mood, 
leaves, grass, &c., frequently forming a bed of peat» extends just above 
low*water mark. About this stratum are found numerous remains of 
namnmlia, the horot and bones of at least four kinl^ of deer, the ox, the 
horse, hinpopotamus, rhinoceros, and elephant. These fossil remains are 
found at Hasborough and its neighbourhood on the denuded clay shore : at 
Mundesley they are found in the cliflT. The great mine, however, is in the 
■ea, some miles from land, where there is an oyster bed on a stratum of 
gravel about six fathoms deep. How far this bed of fossils extends, I can 
not pretend to say, but in 1896 some fishermen while dredging for >oi«s 

• Geology of B. Norfolk, p. SI. 
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on *■ the kiu>^vl/ a bunk 20 miles off shure, brought up an entire tusk of 
jin elt';>h;int nine feet six inches long. The elephants must have been 
ubaadant ; i have at lea«»l /O grinders, and the ouster dredgers reported 
tfaflt they had fished up iraioense quanttdet tod thrown tbcm ioto dtq» 
water, as they gready (wstnicted thdr nets 

Mr. Woodward bad previously spoken of the same oyster 
bed^ which was discovered off Hasborough in the year 1820, 
and says that during the first twelve months, many hundred 
specimens of the molar teeili of the elephant were tfredgcd up 
by the BsheiMucn, and that the remains of upwards of 500 
animals uiubt have been ibund tlieref. 

I was not so fortunate eitlier here or elsewhere on this coast 
as to see the stools of trees erect in this stratum, but .^u many 
independent eye-witnesses have lately described them to me 
with such mmateness as to leave in mv mind no doubt of the 
fact. Besides the accounts of several fishermen^ Mr. Simeon 
Simons of Cromer states, dial at Cromer he saw ten or more 
trees in the space of half an acre exposed below the clifik 
eastward of that town* the stumps being a few inches, or all 
less tbnn a foot in vertical height, some of them no less than 
9 or 10 feet in j^irth, the roots spreading from them on all 
sides thidu^iiout a space twpTUy ieet in diameter. Many others 
were seen by him laid o|)eii on the beach opposite Sidestrand, 
about ihree miles further to the c.iisUvard, evidently belonging 
also lo a submerged forest. All these roots were in a lami- 
nated blue clay, with associated blue sand, the whole, six or 
mrm feet tbidty resting en dudk* In ene place a tfain famr 
of Norwich crag intervenes between the chalk and the bed of 
blue clay with lignite. Shells had been found immediately 
below the roots, but I have been unable to obtain them ■ 

I ascertained that at Woolcot Gap, between Hasborouch 
and Bacton, the bed of lignite, containing the bones of ele- 
phants, pieces of wood, nml die roots of trees in silu, had been 
expo'^ed at the base of tlie cliff in the prccedinir winter of 
1838- 39. A mass oi incumbent drill about 30 feet thick 
must have been removed by the waves and currents, in order 
to lay open this lignite on the spot aliuded to, uud ibe great 
extent of the snbmerged forest b proved not only by the no- 
meroias points between Paling and Biinton, whicb an about 
18 miles optft, reckoning by the sea-coast, and nearly as lar in 
a direct line^ but also by the proofs afforded of its extension 
inland in proportion as the overlying beds are swept away by 
denudation. 

It follows then iVom the facts above stated that the chalk 
in thb region had been overspread with layers of sand and 

* Rev. James f^nyton, cited in FairhoIaie*i (Seology* pw£Bl. 
t Geol. of Murtolk, pp. 7 aod S3. 
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cluy, and convened into dry land, on wliicli forest trees lived; 
these were afterwards submerged, broken oH' short near their 
roots, and buried with their branches and leaves. The sub> 
sidence imphed by the submergence of the forest continued 
afteiwds, so •• to ftUiNP of the superpositioo of a oonddor* 
ablo duekBcw of strntifiad ood mistnitified drift. 

The general cbaractMr of the eliflb bacweon Haiborough 
and Bacton Oap^ a distance of about three miles, may be thus 
described : fifiC» at the bottom, the lignite or forest bed, a §&m 
feet thiclc; secondlvy above this, blue argillaceous till, cod* 
tainin^^ boulders of granite and quartz and small pieces of 
shells from the Norwich crag; thirdly, laminated blue clay 
resting on the till ; fourthly, stratified yellow sand, the entire 
height of the cliffs being between 30 and 4-0 feet. 

The cliffs between Bacton Gap and Mundesley, a distance 
of about three miles, are higher, but consist in like manner 
of drift contaiiu^g a mtrnt wiety of boddtn^ tbia biiiig 
vmmII^ dio kmart bed wliidi is vuiUo. Hera wa fint matt 
with fine axampUfieatioaf of strata which have uoder^one 
great darangeoiaBt since their ongiiial dflpo«tioii| and which 
present that most peiplesiiig Dhfliiomenon the superposition of 
bent and folded beds Upon otners which appear to have under- 
gone no dislocation. Thus for instance the annexed section 
(fig* 1.) represents a cliff about 60 ieet bigb» at the bottom of 



Fig. 1. 




QigViJM high btjumm Bacton C<y tmd Mmdmltf, 



which is tin containing boulders, having an even horizontal 
aoHhce on which repose beds of laminated clay and sand 
about 5 feet thick, wliich in their turn arc succeeded by ver- 
tical, bent, and contorted beds of sand and loam 20 feet thick, 
the whole being covered by flint gravel. Now the curves of 
the various coloured beds of loose sand, loam, and gravel 
are so coniplicated, that not only may we sometimes find 
portions of them which maintain their verticality to a height 
of 10 or 15 feet, but the replication is often such that a con- 
tmnoQS seam of fine loose sand between two layers of gravel 
or loam might be pierced three times in one perpendi- 
cnfaur boring. As it is dear that some of the nndenyhig 
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horizontal beds, and apparently the till also, of which the sur- 
face is so even, have not participated in the^e inove[nents even 
in the smallest degree, we are coinpelled to suppose that some 
lateral force has been exerted nirain^t die upper masses of 
drift which has not been applied to the lower ones. Yielding 
beds having a thickness of at least 15 ar 80 feet mtist in some 
cases have Deen subjected to tbis sideway preasare and moved 
bodily ; and it is impossible to conceive that any original irre- 
gulariiy in the mode of depoaitian^ nor any shrinking or set- 
tling of the materials^ nor anything in short but mechanical 
violence, could have produced such complicated folds. Com- 
monly we are in tlie fiahit of attributinsr sucli movements to 
a subterranean force acting from below, hut it is difficult to 
imagine how such agency could have disturbed the overlying 
beds without affecting thfe subjacent. I shall defer to the se- 
(|uel the cuusideration of the various hypotheses which may 
be suggested to account for such appearances, first describing 
other irregularities and apparent anomalies which present 
themselves in this same line of difis. 

At one sfx)t between Bacton and Mundestey, where the 
difi* is 50 feet high, I observed at a depth of SO feet from the 
top, a small pit or furrow as it were cut into strata of blue 
clay, and filled with fragmentary white chalk and chalk flint, 
regular strata ot sand and loam being superimposed. This 
indentation was four feet deep and six wide, and precisely 
resembles those irregularities which we see in superficial 
gravel ; and tliey may all be explained if we suppose, that 
during the subsidence which is indicated by the buried forest, 
the drift of the rond difTs was formed in very shdiow water* 
so as to be exposed to the denudation of small streams or 
currents, by which narrow grooves and hollows were exca- 
vated» then filled with dritt, and then* after the «»inkingof the 
whole, overspread with regular strata. 

Fresh'matfr Strata at Munffrsfrf/. — Roth to the north and 
south of Mundesley, the cliiis, varying in general from 4-0 to 
70 feet in height, consist in their lower part of blue clay or 
till, covered with stratified yellow sand aiui loam ; but at the 
town of Mundesley itself the cliff lowers to a height of be- 
tween 20 and 30 feet, and for several hundred yar£ is oocu- 
pied by a freshwater deposit, covered with about 10 feet of 
flint gravel. The freshwater beds consist of brown, black, 
and grey sand and loam, mixed w'nh vegetable matter, some- 
times almost passing into a kind of peaty earth containing 
much pyrites. A few layers also of gravel occur composed 
of rounded flint pebbles. These beds are often irregular nnd 
rarely coauauou«» for great distances. The bottom of the de- 
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poiit is unseen, but is probably not much below the level of 

the sen, as Mr. Simons of Cromer telb me that he has seen 
chalk in sUu at Mundesley at low water. In 1889 I ob- 
served a mass of the till prolonged in such a way into the 
freshwater formation at the southern junction of the latter 
with the drift as to imply the contemporaneous origin of the 
lower part at least of both formations. (See diagram, fig. 2.) 

Fig. 2. 




htltntnUytenl^tt drift pndJ^nhwtUtr ttt Mm^hthjf* 

Yet I inclined then to the conclusion that the Mundesley 
formation, winch 1 traced for nearly 300 yards alon«r the 
coast, might, as a whole, be considered as the deposit ol a 
lake or hollow excavated in the drift. In 1839, when a new 
section had been laid open by the sea, it appeared to me 
rather that these strata of Mundesley were simply a large 
development of those observable at the base of the cliff at 
Hasborough an<i other places, and that their position rela- 
tively to the drift might be represented by the diagram, fig. S. 

Fig. 3. 




flrtthwstcr. 



Potitiom qf th»/rt9h¥HU«r M» at MmMeg* 

We may imagine that while the coast was sinking gradually, 
a small river may have entered here bringing down drift 
wood, freshwater shells, mud, and sand, and the flow of the 
stream may have partially counteracted those causes bv the 
influence of which the boulder formation was accumulating 
in the spaces immediately contiguous. The following is a list 
of the sliells which 1 obtained from the Mundesley beds, in- 
cluding some which Mr. Fitch of Norwich, and others which 
Mr. J. B. Wigham have kindly communicated to me : 1. Pa- 
ludina impura; 2. P, minuta^ Strickland, (see fig. 4) ; 3. Val' 
vataeristaia; 4. V, pueinalii} 5. Ldmnea gltUinosa; 6, L, 
peregra ; 7. Plaiunins alius, van (less flat, and aperture less 
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oblique thmn the cominoD Ibnn) ; 8. P* mrter$ 9l P* tou^ 
AJder, Newcastle Trans.; \0,Ofda9pusiUa\ W. C.cometu 
Spedznens of Unto or jhodon occur, but too imptrfect to 

be determined ; one however re ae i n bles A, cygnem. 

Qi the eleven shells above numerated, the only one which 
is unknown as a living species is the Paludina mintUa, found 
by Mr. Strickland in a freshwater deposit at Crophorii, in 
M^ircestershire, and also by Mr. Wood at Stutton on the 
Stoiir in SnlFolk. Mr. Geors^e Sowerby, who has examined 
tins species lor me, finds lhar among recent species it agrees 
MK>>t nearly with the lurbo themialisy Liii., as its volutions 
arc exactly your : its apex is more obtuse and its volotkini are 
more ventrioose than in other recent wg/ttamt and It is con- 
stantly smaller* (See fig. 4.) 

Fig. 4. 




figsie is of the natwal dM. 

Insects. — The elytra of beetles are not uncommon in the 
clay of Mundesley, especially those of the genus Donacia, a 
tribe which frequents marshy grounds. The beautiiul green 
and gold colours of these wing cases are almost as bright 
when first the clay is removed as in the living insect, but they 
soon lose a great part of their lustre on exposure to the light. 
Mr. Cmtisy to wi lom I am indebted Ibr an examination of 
these lbssiis» says that there appear to be two specice of 
Donada, (one of them linearis?) both probably identical 
with recent Bridsh insects; and among the other remains he 
found the thorax of an Elater, and the elytron of one of the 
Harpalidse ( H. ophonus or H, argutor)» He also refers with 
confidence anotlirr elytron to Copris hinaris^ a British beetle. 

Fis/i.— l fount] numy scales offish, together with one large 
touih, at MunclLslc\ , and Mr. J. R. Wii^ham sent me similar 
remains, together with a smaller toolh, and some vertebi it and 
ribs offish. These I submitted to the Rev. Leonard Jenyns and 
Mr. Yarrell, who referred them to the genera Perch, Carp, 
Pike, and Trout The pike appears both by the teeth and 
scales to be die common Eitm hieius. Of tne salmo there 
were several small and one large scale, in which die concentric 
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BtriflB of growth were estremdy nroule; ibc wgtKSm was not 
fletvrmbied. The MalMof th« perch were wy nonMroofy but 
^kmf did nol egtee in e aatufiicloiy imainer with those of die 

common British Perca Jhemati^ which we were eUe to pro- 

cvie. The cilia of the free edees were proportionally smaller 
and blunter in the li9tHi» and the diviaioos in the nm at the 

ba^ extremity were longer and more nnmerous. Bat a 
more extensive compfin<;on might perhaps have cnnbled ns 
to idenlify these fossii scales with those of the living European 
perch. Most of the vertebre and ribs may probably belong 
to this same fish. 

Miimunifia. — I was informed at Mundesley, that many 
years ago, wliiin a zi^i^ag road was cut down to the beach, the 
horns of the Irish elk were foondin the dii&y but I know not 
where they are preserved and by whet netBralist thev were 
seen, nor whether Aej were finrnd in die fiesbwiiter depositi 
as is most probehle^ or the overlring gmvel. 

PlanH^ — Among the vegetable fossils the nosl common 

and best preserv^ ere the seedovessds of an aquatic plant 

which Mr. R. Brown refers to CeniophjfUMm demmtm^ 

English Botany, 947; (see fig. 5.) 

ancl I learn from Mr. J. B. Wig- Fig, £• 

ham, that his father cxinsiders the 

remains of the accompanying trees 

and siirubs to be tliose of the oak, 

alder, fir, and bramble ; hut more 

specimens will be requiied before « , i , r « 
• ^ ,. Ill ^ ' ^ ''ssel of CerafophylUtm 

a pertect reliance can be placed on dauermmi Mundesiey. 

Between Mimdesley end Trhnmingham the difis are coen- 
poaed es nsuel of dii^ the upper pert being stmtiflcd and 
more sandy, the lower part consisting of till or blue dej with 
pieces of white chalk. Whether tbeie intervenes everywhere 
between this drift and the fundamental chaUc e bed of lignite 
like that of Hasborough or Mundesley, I was prevented from 
ascertain ini:^ by the height of the beach, but 1 found a sub- 
stratum of this kind with numerous flattened leaves and 
branches at the base of a cliff 70 ^aet high about a mile north- 
west of Mmulesley. 

Protubi J (inces of chalk near 1) immingham. — We have now 
followed the mud clifi& for a distance of about eight miles 
without finding any chalk in situ above the mean ievel of the 
ssBy but near Trimmin|bem are three remarkable protube- 
maees of chalk which nse op end form e part of lofty cliffs, 
the remeinder of which consista entirsly of drift. These 
detached masses or ontliers of chalk were noticed in Mr. 
Oreenough's map of England^ and ere described by Mr. 
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R. G» Taylor, who had opportunities of obeertiiw tiiera at 
low tide tm being continiioys with the solid bed of dwlk es« 

tending under the sea for nearly a mile from Trimmiiigham 
to Sioestnuid, conititoting everywhere under water a level 
platform* He abo says that the chalk of this platform con- 
tains throughout parallel strata of flint, is harder than that 

Cromer or Norwich, is characterized by severn] peculiar fossils, 
and occupies, he tlunks, a higher place in the series tbao the 
chalk at Norwich*. 

Now the platform here alluded to is evidently what the 
sea has left after sweeping away by gradual denudalion all 
that once rose above low water, and it is therefore impossible 
for us now to conjecture to what height the chalk thus removeil 
may onoe have risen. The moat aonthem of the three protnp 
berances before mentioiied occm near the Beaooto hiUy about 
half way between Mnndealey and Trimmin|;liam, and it is in 
contact with stratified drift the beds of which are highly in- 
dined* The mass of chalk is about 20 feet in height, its ex- 
tent along the beach about 100 feet, and its thickness from 
the beach inland a few yards only. It stands up like a nar> 
row wall, which will nltimately be destroyed, and then the 
whole face of the cliti will consist of clay sand and ^rravel. 

The snrfnce of this wall ot chalk, where in contac t with the 
drift, dips inland at an angle of about 45°, and iliu bctls of 
the newer deposit coniorm to this slope. As the chalk oilers 
more resistance to the waves than the drift, a small promon- 
tory is produced at this point, which projects about 4-0 feet 
beyond the general ooast line, and by aid of tfab promon- 

awe are able to see the jmiction of the ehalk and newer 
both on the north and sooth side^ so that the relstite 
positioii of the two lormadons is very dearly aaoertained 
(see fig. 6.) 

When 1 visited this spot in 1829, I found the cliff nearly 
in the same state as it remained in 1 839, and the description 
which I gave of it in the Principles of Oeoiogy wonkl sliil be 

appropriate t* 

But wfien last there I was able to examine the entire struc- 
ture of this cliff' more thoroughly, and I was nun c fully con- 
firmed in my ojnnion that both the chalk and incuuibenl lor- 
iiiatiun, for the thickness of several hundred feet, must have 
been subject to bome common movement, whether sudden or 
gradual, by which the strata of both have been tilted* 

The annexed view of the proamtory (fig. 6.) waa takaii 
from a point on the slopiii^ cliff a few hnndied yards t» 
the southf where the bads have ahready recovered their ban* 

• Cicol. Trans., vol. i. 2nd series, j». 370. 

t Vol. iii. Ut edit. p. or 6th edit. vol. iv.p. 85* 
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lootality, although they Msem to oormpoDd to the beds of 

Fig. 6. 




Mod and day which are so hiffhly indined near tfadr point 
cf oontact with the chalk. In uie diagram It will be seen thai 
from the projecting point of chalk the cliff retires in a series 
of ledges and small predpices in which indined beds of drift, 
f, are exposed for an aggregate thickness of several hun- 
dred feet At the top of the cliff, which I conjecture to be 
about 400 feet above the sea, the beds of sand seenie(I to be 
horizontal, but these it should be observed are not imme- 
diately over the inclined beiU. Respecting the tilted beds 
which are in contact with the chalk, iL will be sufficient to say 
that lliey coubUi ol gravel, baud, clay and loam like llie stra- 
tified drift before described, that the days are occasionally 
fiodv laminated, and that broken fragments of Norwich crag 
shells are dispersed through some of the strata ; but there are 
no signs here of the freshwater or lignite beds. 

The second or middle protuberance of chalk is near that 
last described: its front along the shore measured in 1839^ 
65 yards. Its height was between 15 and 20 feet. 

The tliird and most considerable nmss extends along the 
beach for a distance of 106 yards, (see fig. 7.) and its position 
deserves particular notice, for it forms like the soutliernmost 
mass a pnjjectiiig promontory about thirty yards beyond the 
general line of cliff. On boili sideb of this promontory it is 
aeen that the beds of gravel, cluy and sand which abut against 
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the wall of chalk are vertical, (see diagram, fig. 8.) yet the 
beds of the same formation have but a moderate inclioation 

Fig. 7. 




Northern protulterance qf chalk, Trimmvigham. 

a. Chalk with flints. 

^. Gravel of drokcii and half-ioimded ffiatt. 
c. Laminated blue day. 

in the loAy eliff behind. A layer of chalk flinU in mUu shows 
that the stratification of the chalk itself is nearly vertical at 
least in one place, although the beds seen in a large cave facing 
the sea show a slight curvature only. Where the chalk joins 

the drift on the southern or Mundcsley side of the promontory* 
I observed in 1839, at tlie junction, 1st, a portion of the chalk 
itself decomposed, Llieii a vertical bed of gravel, (g, fig. 8) 
30 feet hi[»h and several feet thick, then dark 1)1 ue clay with 
white chalk jitibblcs, Liicii sandy, aiid liicii odier beds of or- 
dinary drifL ^Sonie of tiiese disturbed beds contain fragnienU* 



Fig. 8. 

onn. 




of marine crag shells, as Ojprina^ Caniium^ Tellina, &c I 
havestat^ in the Prmciples'^ that this mass of chalk at its 
northern edge, or towards Trimmingham, actually overlies 
some beds otblue clay or drift as at the right hand extremity 
of fig. 7. Now this remarkable sijperposition was stil! evident 
in June ISSd^ notwitbstanding tlie unusual height of the sea 

• Vd. iii. p. IBH U«ilit»andvoLhr.p.M.M«dit, 
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beacbf the clay, containing broken chalk flints, being traceable 

for seven feet under the chalk. It is known to have extended 
forrncriv inucli lut ifier in a seaward direction. It appeared 
to ine impossible that any landslips or movements of tlie pre- 
sent cliffs could iiave given rise to this inverted position of the 
chalk and newer ftjiiiiation. SoniL' {-ersons employed in the 
Preveiilive iSeivice aj>:>ured nie lliat the cliils inimediateiy 
above and behind this chalk are upwards of 400 feet hiffh, 
bat they appeared to me lew elevatecL Thej also said t£at 
in dlggtng a well at TVumDiogham at the tqs of the cliff they 
reac&M d»lk at a depth of 120 feet from Che surface. Wltli- 
out insistiiig on the pncise accuracy of thdr meaauremenU, I 
think it by no means UDprobable that the three protuberances 
of chalk may belong to a much lai^r mass, which still forms 
the nucleus of, the hill called Trimmingham Beacon, and I 
have no doubt, that as the sea encroaches, the chalk will event- 
ually occupy more of the difis between Trimmingham and 
Cromer. 

In like manner it may be observed that in oilier localities 
further to the north these masses of chalk are included in 
drift, or where strata of white chalk rubble enter largely into 
the composition of the clifis we always find the chalk cropping 
ottt in the interior at a short distance fhim the shore. 

In specnlating on the time when^ and the manner in which, 
the prataberanoes of chalk near Trimmingham have been 
brot^^t into their present position^ we ma^ safely assume that 
the event happened after the deposition ol the greater part of 
the drif^ wnich has been subjected to precisely the same 
movements, and abuts in some places in vertical beds against 
the wall of displaced chalk. As the submerged forest before 
mentioned occurs both to the north and south ot Trinuning- 
ham at about the levtil of low water, we must suppose that 
the Trimmingham cliffs have participated in the subsidence of 
SOO or too luet, ami in the subsequent iiplieaval to an equal 
aniouiit which the buried forest has undergone. If we ima- 
gine the drifl to have aocamulated graduaUy while the iirst 
or dovBward moTement was going on, we must conclude that 
the distmrbanoe of the beds dlu not take dace till neariy the 
whole of this moremaat was completed; fer had it occorred 
sooner, the upper beds In the Trimmingham cli£b would have 
been unconformable to the lower ones» whereas they are seen to 
be conformable throughout a thickness of at least two or tbrse 
hundred feet of the beds above the chalk. I conceive there- 
fore that the deranged position of the chalk and newer forma- 
tion was more probably effected during or after the upheaval 
of the miitii and o^tu in that case have been a very modem 
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event. Although there is an obvious connexion between the 
amount of ileran^ement of the newer strata and their proximity 
to the outliers of chalk, 1 saw nevertheless no signs of the 
masses of solid chalk having pierced the newer beds, as if 
forced through them ; on the contrarVf it appeared to me in 
every case^i thai the lowen bed of the arift» whether inclined at 
a high angle or vertical, conformed everywhere to the nr&cc 
of the chalky as if the same bed might have been originally 
in contact with it when horizontal. The chalk itself appears to 
have been in a flexible stat^ and therefore its beds of flint are 
variously bent. 

Proceeding northwards from Trimmingham, we find the 
cliffs near Overstrand, about a mile S.E. of Cromer, entirely 
composed of clay and sand ; but this drift does not continue 
far inland, and if the sea should advance for a few huudreil 
yards, we miffht expect to see the whole cliff composed of 
chalk ; for at the sorttoe at Overstrand, a chalk pit is worked 
in which the very disturbed and shattered state of the chalk 
deserves notice. 

Fig. 9. 

stratified 

rubble. A 
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In one part of the quarry we find what appears to be a 
fault, the line A B (fig. 9.) representing 18 feet in vertical 
height, where the solid chalk with flints, inclined at about an 
angle of 4-0°, comes abruptly in contact with alternating beds 
of wiiite chalk rubble and gravel having an opposite dip, also 
at an angle of about 40°. After removing part of the chalk 
rubble I ascertained that the plane of the fault was continuous 
inwards at right angles to the line of section represented in 
the anneied diagram. The inclined chalk is covered by beds 
of stratified rubble resembling those before mentioned. 

I stated that there were no signs of the submerged forest 
or freshwater deposit at the junction of the drift and chalk at 
Trimmingham, but this forest has been seen by Mr. Simons, 
about a mile and a half north-west of Trimmingham, at a 
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place called Sidestrand, where the cliff, composed of drift» is 
ISO feet high. When I was there the base of the cliff was 

concealed by n high beach; but when this is removed, beds 
of laminated blue clay and sand, 6 or 7 feet thick, make their 
appearance, in which arc some trunks of trees 3 feet in diame- 
ter, broken off" to within a tew inches of the roots, which spread 
for a distance ot several feet on all sides. At one point near 
the bottom of this cliff a stratum of clay has been seen, in 
which freshwater shells of the geiiu^ Uiiio, apparendy U,QOaliSf 
aboand* 

At the town of Cromer itself, Mr. Simons has observed be- 
neath the drift, several feet below low-water mark, a bed of 
lignite, in which were found the seeds of plants, and the wing* 
case of a beetle. 

Norwich crag at Cromer, — At a still lower level than the 
freshwater beds last mentioned, and only exposet! at very low 
water, is a thin bed of Norwich crag in siiu, about one foot 
thick, resting immediately on the chalk. It was barely visible 
at low tide on the west side of the jetty when I visited Cronjcr, 
but witli the assistance of Mr. Simons, i obtained many frag- 
ments in which pebbles, sand, and shells were aggregated to- 
gether by a ferruginous cement. The most abundant shells 
were the Purpura erispatOj Min. Con., 7W/tfia stdiduiHf and 
Littorijia iiUorea, both the common Ibrm and the variety 
called Id, iqualida ; I found also a Fiisus confrarius and A 
sfriatus, and Q/prina islandica, but I could detect no small 
or delicate shells, and the deposit bad the appearance of 
having been formrd in a sliallow sea, and not in still water. 

Although tht' cleposit at C romer varies slightly at each new 
spot where we examine it, it appears from repeated observa- 
tions of Mr. Simons that the following secLiun would give a 
lair representation of the whole: first, chalk, with horizontal 
surface; Sndly, Norwich crag, with marine shells, from 1 to 
2 feet thick; Srdly, laminated blue clay, with pyrites, and 
the bones of mammalia, 8 feet. The upper part of this clay 
is at about high*water mark, and it forms the beach ; 4>thly, 
above high-water mark, layers of pure sand alternating witli 
blue clay, with occasionally patches of gravel. In these beds 
the bones of mammalia occur and litr"ite abounds, thickness 
30 feet. To these horizontal strata succeed the curved beds 
of drift, partly argilhiceous and partly white antl yellow sand, 
with imbadded masses of chalk and chalk rubble, the whole 
60 feet thick. 

Among the mammalian remains found on the beach and 
chiefly in situ in the blue clay, No. 3, Mr. Owen has re- 
cognized the ibUowtng: 1. Teeth of Eiephat primigemmi S. 

PhiL Mag. S. S. Vol. 16. No. 104. 3% 1840. 2 B 
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tooib of rhinoceros ; 9. teeth of horse, ttie largest wliich 
Mr. Owen has ever seen fossil; its longest transverse cliameier 
is 1 inch 4-lOths, which, however, does not exceed thatot lar<^e 
living individuals; 4. bones ot the ox ; 5. horns and hones of 
a deer of the size of the red deer, and the base of a shed 
horn of the same ; 6. a smaller species of deer ; 7, lower jaw 
left ramiM of tbe beaw» u apecMt lamr tbsn tlie Ihing 
one and apparently distinct. Among omer characters the 
anterior molar of the lower jaw has a much greater proper^ 
tional breadth. 

The wood collected from tbe lignite bed, No. 4, is cont* 

ferous, and a cone which Mr. Simons procured from the same 

bed is certainly not the Scotch fir. Mr. R. Brown, who 
has examined it, has little doubt that it belongs to Finus 
abiesy or tiie spruce fir, a northern species not indigenous to 
Britain. 

Cromer is the most south-eastern point on tliis coast at 
which I observed yellow ferruginous crag; but a blue sand 
conteinin^ the same marine shells has bMn traced ibr mora 
than a mile further in that direction by Illr. Simons; and I 
have lately learnt from Mr. J. B. Wigham, that at BactoQ 
Gap before mentioned, about 8^ miles distant in a straight 
line from Cromer, the hard ferruginous crag has been found 
immediately on the chalk. At that place, besides some of the 
usual shells, teeth of a small ro(ient [ai vicola ?) have been 
found, as at Norwich. About a inik westward of Cromer 
the cffig re-appears, and again at iiunton, as will be presently 
mentioned. 

Frcsh\ijaLei 6trata oj liuniou htlnetu Cromer and Weybowme, 
—I shall mention here the only locali^ in which the firaab* 
water deposit has been seen beyond Giomer, namehft at 
about Si miles N.£» of that town, on both sides of West 
Ronton gap. Here it contains many shells as at Mundesley, 
and its position is unequivocally at the bottom of the drift, and 
immediately over the fundamental chalk, which is coveredwilh 
patches of crag as at Cromer. 

Thesection seen here on boih sides of the gap consists, 
first, of drift, having its vi>ual characters iiiul n re^idarlyciirved 
stratification, and including small dispersed t rag uien u ol crag 
shells, its thickness being 60 feet aoJ upwards. At the bot- 
tom of this the freshwater deposit occurs in patches of black 
earth firom S to 5 feet thicfct under whiefa is a bed of feddish 
sand about 8 feet thick wiUi freshwater sheila in its upper 
|Mr^ and below this the cTMr in a disooQtinuous stratum kss 
tima a foot in thidoieas. The fundamental chalk contains 
lai)ga fluils or paramondr»> The lower part of (he aeotimi 
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beneath the black earth was covered up in June last, but ex- 
pofed to view in Marchi and exaoiiDea by Mr. Siinoii& 

Fig. 10. 

Ronton Gap. 




drift. 



chalk. 



«. Black earth with 
b. Reddiflh sand 
e. Norwich crag in pat^'hei 



} 



freahwater. 



I shall now describe, first the fjcshwater beds and their 
fossils, and then the fossils of the subjacent layer of crag. 
The black earth is heavy and turns greenish when dried. It 
is sometimes divisible into layers, on the surface of which 
abelk are teen b a compressed state ; but this is not alwaTs 
the casei the shells being often uninjured and Irregularly di- 
spersed. Although the colour of this earth is doubtless due to 
vegetable matter, I have not found seeds in it, but occasionally 
small pieces of wood. The most shelly portions which I have 
seen were sent to me before my last visit to Norfolk, through 
the kindness of Robert Fitch, Esq., of Norwich. The red 
sand below resembles the cra;^ in rolotir and coiuains the 
same shells, of which the following is a list, nil ot which 
have been examined by Mr. G. Sower bj: \. l\iludina vivi- 
para. 2. P, impura, 3. I'alvaia piscinalis. 4. L,imnca pa- 
iustris, 5. L, MiagfuUig* 6. PUmorbU imbrkiOus, 7. P. 
aWus* 8. P. marginaitts. 9« Ana/lus lacmiris* 10. Ckfdas 
eomea* 11. C appmiUyHaUu 18. C* ammea^ var. ? Besides 
these is a small shell allied to Turho ulva:, but apparently 
different, of which I only procured one individual; also frag- 
ments of Anodon. Among these twelve species the only one 
which could not be identified with well-known British living 
species is the CyclaSf resembling C. amuica. It belongs to the 
sub-genus P/mWimw, and is remarkable, snys Mr. G. Sowerby, 
" for its great proportional altiiude, in which respect it differs 
not only from the recent P. amnicu/ti^ but also iron) the fc^sil 
variety of P. ammctmi found at Grays in Essex. The concen- 
tric ridges on the outside of each valve are much mote pro- 
minent than in the recent P. ammeum^ pariicularly near the 
beaksy and in this drenmstance they resenbln the Gmiys ~ 

2 B2 
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▼ar. of amniatm. The shell appears to be rather thicker thtin 
the recent P. amnicum^ and the teeth stronger : see fig. 11. 

Fig. 1 1. 




Cjfcla* {Puidium) amnica, var. ? 

from th« ficdnfitar bads «t Ronton. The two middle figures are of the natmnl 

size. 

Neither here nor at Mnodeslev was I able to find Cyrena 

irigonula, which however we mignt have expected to discover 
in these beds, as it accompanies a similar assemblage of shells 
from various localities in Suffolk and Essex. 

I found no remains of insects in the black earth, but the 
Hon. and Rev. R. Wilson, of Ashwell Thorpe, showed me in 
his collection, in 183ti» the ely tra of beetles of the genus Do- 
nacia^ preserving their colours, which he had found several 
years before at Runton. I observed die scales of perch and 
of other fish resembling those of Mundedey in the blade earth. 
Mr. Simons has also found fragments of the scapula and horns 
of a deer in the black earth. 

In general it is most difficult to speak with certainty re- 
specting^ the position of fossil bones of quadrupeds derived 
from the mud cliffs, because they have been picked up at the 
base of the cliff* after portions of it had been washed away by 
the sea. It is the opinion, however, of collectors that they 
are chiefly derived from strata, in which the lignite and sutH 
merged trees occur. The remahis are those of the elephant, 
rhinooerosy hippopotamus, horsey ox, pig, beaver, deer, &c. 
At Cromer and Weyboame some mammalian bones occur in 
the crag, but they are commonly more rolled and worn than 
those derived from the lignite deposits. Unfortunately no 
freshwater shells have yet been obtained from precisely the 
same bed as that in which the bones of the elephant and 
other extinct quadrupeds are met with, nor from the stratum 
in which the stools of buried trees are enveloped. The fresh- 
water shells of Mundesley and Runton, although tliey may 
probably belong to the same formation, are not yet proved to 
be strictly coeval with the extinct quadrupeds. The present 
state, therefore, of our knowledge would not enable us to enter 
-into minute detaib In regard to the order of superposition of 
the be<Is between the chalk and drill in the mud clifis, but it 
would appear that the principal site of the bones of extinct 
mammalia as well aa of the buried forest and lignite is be- 
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tween the marine crag and thow bed» from which freshwater 

shells have been procured. 

Cra^ai Ihirifon. — In the patches of marine cra*r below the 
freshwater at Kunton, the following shells have been found 
and presttited to me by Mr. Simons: 1. Fusus sliiaiits, 
2. Scala/ 1(1 -j;! , f nlandica» 3. JLiitorina littorea. 4. Nalica 
helicoides^ Johnston, (see fig. 12.). 5. TeLlina obliqua, 6. T. 
foUduia, 7. Cardium edule^ and a fragment of a HeUx* 

The shell which I have called 
N, heiieoides is identica] with Fig. 12. 

No. 58. in my list of Norwich crag 
shells published in the Mag. Nat» 
Hist, vol. iiL new series 18S9^ p. 
SJ3. I have given it there as a new 
and extinct species, stntinj^, that it 
resembled in shnptiPaitidina solida^ 
Say, I afterwards learnt from Mr. NoHeuMieoides, J ohmtou ; 
Edward Forbes that it had been ^n^J^I"^". 
found recent on our east coast in 

Berwick Bay, and published by Dr. Johnston in Ihe Berwick 
Transactions, under the name of N, keUcmdes^ That 

gentleman has since sent me the recent shell, which is quite 
identical with the fossil figured above. The species is remark- 
able for departing from we normal form of the genus Natiea» 
Tt seems to have been much more abundant in the sea of the 
Norwich crag than in our own sea at present. 

Cliffs between Cromer and Sherringham, — The drift near 
Cromer and to the north of it includes a much larger quan- 
tity of chalk rubble than to the soutiiward, and huge frag- 
ments of chalk itself are sometimes intercalated in a manner 
which is very difficult of explanation* It is <^n no easy mat- 
ter to decide whether the largest of the chalky masses associ- 
ated with drifl have been regenerated or not, in other words 
whether they have been brought piecemeal or in mass into 
their present position; but there are some clear and unequi- 
vocal exemplifications of both of these modes of transport. 
Some of the enormous fragments of chalk which are inter- 
stratified with drift have not only layers of undisturbed flints, 
but also sandpipes in the middle of them, or cylindrical ca- 
vities filled with sand and gravel, such as are lound }}Lne- 
trating the chalk at various depths trom the surface in the in- 
terior of Norfolk. These pipes seem to me to imply that such 
masses of chalk were once at or near the sur&ce of emerged 
landy but a hasty observer seeing such patches of sand or 
pebbles in the middle of the chalk might suppose the whole 
mass to have been broken up and then redeposited, whereas 
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in fact it hns been brought bodily into its present position. 
The intercalated masses of unregenerated chalk are some- 
times horizontal, soniefimes vertical. Of the former 1 ob- 
served an example near West or Upper Runton, where a mass 
of chalk marl 15 feet thick, which 1 could not distinguish from 
undisturbed chnlk, reposed on stratified blue clay 20 leet thick, 
and was again covered by stratified loam 30 feet thick. 

The most remarkable example which I saw of a mass of 
chalk protmding in the midst of the drift adjoins to Old Hj^thje 
Gap about three quarters of a mile west of Sfaerringham : it is 
represented on a small scale by Mr. R. C. Taylor in bis coast 
section* though nowhere described as far as I am aware. I 
fimnd the shape of this mass considerably altered between the 
years 1829 and 1839, and by a comparison of its appearance 
at these two periods, I was able to form a more correct idea 
of its relative position to the chalk and drift than I could pos- 
sibly have done during a single visit. In order to understand 
the peculiar position of this great outlier, the reader must be 
informed, that the fundamental chalk, which at Cromer does 
not rise above low water, begins, immediately west of Sherring« 
hamt to rise and form a ledge a few feet above high-water 
mark, being usually covered by a hard breccia of crag, com- 
monly called t/ie pan, nearly 1 foot tiiick. The waves at 
h\f^ tides and during storms wash over this ledge, and sweep 
away the more destructible clay, sand, and gravel of the over- 
lying drift, which is thus made to recede four or five feet in- 
ward from the beach or seaward termination of the ledge of 
chalk. The chalk thus clearly exposed is seen by its hori- 
zontal layers ot iliiit to be undi^l m hed. 

The drift someLimes reposes in horizontal and sometimes 
in curved beds on the pan or ferruginous breccia of crag. At 
Old Hy the point above mentioned, the beds of drift suddenly 
become venical for a height of nearly 70 feet, and flank an 
enormous pinnacle of chalk between 70 and 80 feet in heigbt^ 
(see fig. 13), which is enveloped in drift. 

In tliis fi|rure the fundamental chalk is seen at the bottom 
with its honzonlal flints, and immediately uf>on the chalk the 
pan or layer of consolidated crag, continuous in this spot and 
varying in thickness from (i to 12 inches. It contains large 
chalk Pints and fragments of shells cemented by oxide of iron. 
The broken shells are abundant at some spots. Among them 
were observed Ofprina idandiea^ TelUna toUdula^ M^a are^ 
naria f Cardnm , lAttanna UUorea, Btsm iiriaiuSf Bo- 
Unm . Next above the crag b the huge pinnacle or 
needle of chalk, distinctly separated from the nmdamentai 
chalk by the pan." Chalk fltnto are scattered somewhat 
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irregularly through the outlier of chalk, which is distinctly 
forked in its upper extremity. It will be seen that the pinna- 
Fig. 13. 




I nrluilod pinnacle of chalk of Old llijfhr point, irrsf of Shfrrinf/ham*. 

cic IS flunked on both sides by drift : that on the east, or 
iSlici rini;liani side (left of the dia^jram), consists of alternate 
layers of loam, clay, and white chalk rubble several Iccl thick, 
which must have been deposited horizontally although now 
vertical. These are traceable from within a few yards of the 
pan to near the summit of the chalk, Ibr a height of 60 leet 
or more. Between the two prongs of the fork, near the top 
of the cliff, are curved beds of drilL On the western or right 
side of the pinnacle the beds of drift are not the same as those 
on the left. They consist first, and nearest to the chalk, of 
strata ol flinty frravel ; secondly, layers of sand with round 
flint pebbles; thirdly, loose yellow sand, alternating with 
loam. These join on to curved beds of drift, w hich are re- 
presented near the top of the cliH'on the right of the diagram — 
innumerable layers of sand and shingle, some of them bent 
round upon tiieuiselves and containing seams of carbonaceous 
matter, or in other places small white p leces of broken shells. 
Ne^ the bottom of the section argillaceous till rests im- 
mediately on the crag, and on one side comes in contact with 
the chalk pinnacle near its base. Through this till small 
pieees of chalk and flint are interspersed. Another included 
iragment of chalk {c) occurs nearly half-way up the clifl) en* 
veloped io drift to the westward of the pinnacle. 

* This sketch is taken principally from my own dnwing; but corrected 
from a view by Mr. Simons taken in March 1840, when the wa^ei during 
a storm had reached about 8 feet above the level of the pan or crag,re> 
moving the talus which previously masked the junction. 
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Tlie mo.sL singular and important circunistaiice connected 
wilh the great outlier of chalk at Old tlylhe is the fact of its 
being perfectly disunited iVom the subjacent horizontal chalk. 
1 could not myself positivisly determiDe this point either in 
1829 or lBS9f becanne there was a talus at tne base of the 
vertical cliff resting on the projecting ledge of chalk and oon- 
cenling the junction; but when the whole was cleared away 
by the waves in March 1840, after a storm, Mr. Simons vl« 
sited the spot, and ascertained the continuity and infra- posi- 
tion of tlie vrnrr wliicli I had before inferred. My inference, 
previously announced to the Geological Society, was drawn 
iron) a comparison ot the state of the cliff in i839, with my 
blvcLches and nieniuiaiula inade ten years before. At both 
periods I was able to tiaee the horizontal crag to within 5 
feet of the base of the precipice, composed of vertical beds 
of drift enveloping the chalk ; and as the sea had advanced 
greatly in the interval of ten years, the pan, had it not been 
continuous, must have been entirely removed before my last 
visit, in which case nothing could have been visible but chalk 
on the ledge immediately ojiposite the pinnacle. 

From the snnimit ot Old Ilythe point the land slopes down 
to Old Hytlic will] a rapid descent. It also slopes, though 
at a less angU , du cclly inland, so that as the sea advances the 
cliff* at this { omt \sill become less elevated. In IS29 the two 
masses of chuik appeared much mure ei^ualiii size, and vvrap- 
peu round as it were both on their sides and at the top with 
strata of shingle and drift. 

Another included mass of pure chalk was also observable 
in ] 8:59 between Cromer and Lower Runton near the bottom 
of the cliff. It was traversed by several rents, and alternating 
beds of laminated clay and sand were bent round it, as in the 
annexed diagram (fig. 14), which represents a perfieiidicular 
section 25 leei in height. 

Fig. 14. 




Secliou 2^ feet high, wt»t of Cromer. 

This mass, although on a smaller scales may be compared to 
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that of Old Hythe point (Bg. IS.). It will aoiiieliines happen, 
however, that the enveloping beds of drift appear to be iblded 

completely round a nucleus ot chalk or sand, or any other ma- 
terial foiMul in the mud cliffs as in the annexed cut (fig. IS.) 
or ill fig. l(>, which represenu a perpendicular cliff 20 teet bigh^ 



Fig. 15. Fig. 16. 




in which the beds are: 1. blue clay; 2. white sand in thin 
layers; 3. yellow sand: 4. striped loam and clay ; 5. laminated 
blue clay; and I saw curves not far from this place which ex- 
tended for a vertical hei«^ht of 50 feet, in which SOdistinct strata, 
without counting the subordinate lamina,*, in all 24- feet thick, 
presented the same concentric arrangement. The beds con- 
sisted alternately of blue clay and white sand, the bed of sand 
exposed in the centre being bladunod by bitominons matter. 

I have mentioned some of these caaei of the apparent fdd- 
ing of the beds round a central naclens in the Principles of 
Oiology, especially one which occurs in the diffi east of 
Sherringham, where a heap of partially rounded flints about 
fife feet in diameter appears nearly enveloped by finely la- 
DiiiMted strata of sand and loam, in the midst of which again 
is a nucleus of loam. After a more scrupulous examination 
of many of these cases, I have now ascertained that they are 
all, without exception, examples of the intersection of a series 
of strata which have been bent into a convex form, the appa- 
rent nucleus being in fact the innermost bed of the series, 
which become partially visible by the entire removal of 
the protuberant part of the outer layers. 

1 observed a portion of a cliff 8 ieet in vertical height be- 
tween Beaston Hill and Eifst Bnnton, in which a nuclens of 
very loose sand 18 inches in diameter {a) was sarrounded 
by layers of day and loam as represented in fig. 17. Tha 
vertiad beds on the left side of the cut consist^ of similar 
inoohaiaat material^ some of the seams of sand beiogcharte* 
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terized bv broken crag shells, and in one place some flint 
pebbles^ 0^ occupying the space of several layers of loain* 

Fig. 17, 




Seetkm B,ftet high qfveriieal ami eu9ved dr^ in Ike cliff near Rtmiim, 

Between the RuBtons aod Sherringfaam, and at a short 
distance from the latter place, are seen strata of vertical drifts 
on the one side of *vhich are horizontal, and on the other 
curved and folded beds. The change in these cases from 
the horizontal set to the vertical is very abrupt. 

Crag near }rri/hourne. — It is not until we arrive within less 
than two miles uf Weybourne, that the Norwich crag; appears 
HI considerable force in situ above the level ot llie ^ea, in u 
cliif about 30 feet high, between Old Hythe Gap and Wey* 
bourne. At two different points I observed the chalk in eon- 
tact with several feet of shellv sand and clay containing peb* 
bles and the fossils of the Norwich crag without any inter- 
vening breccia or " pan." This crag was covered with day 
and loam witliout shells. 

About half n mile from Cliffend, Weybourne, the following 
section appeared, in a vertical cliff about 40 feet hi^li, where 
I saw the greatest thickness ot crag abounding in shells: 
1st, horizontal chalk with flints, 8 feet; 2ndly, sand and flint 
pebbles with crag shells, 1 foot ; Srdly, fine sand wiiii perfect 
crag shells, 10 feet ; 4thly, sand and pebbles without shells, 
9 ^t; Bthiy^ unstratified clay or till with flints^ 10 feeL 

The following is a list of the shdls obtained from this crag : 
I^isus slritUus^ LiUorina liUorea^ L, squalida (var. of prece- 
ding?), Purpura crispata, perhaps var. of P. lapilliis, Ci^prina 
islandicay Cardium edule, Cardium echituttum ? Tellina oUiqua^ 
T, soUdulOf Nucula CobbidduTf 3fya armaria f Mactra% AslarUm 
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Among the above, the Fusus striatus and Nucula Cobboldia 
were very rare. 

I have remarked, that westward of Sherringham, where the 
fundamental chalk rises a few feet above high-water mark, its 
surface, whether covered by the ferruginous breccia or not* is 
for the most part very level, a singular fact when the oontor- 
tions of the overlying strata are considered. A slight excep- 
tion occurs at one place near Cliffend, Weybourne, where the 
surface of the chalk undulates: so that in the distance of a 
few paces the chalk sometimes rises 12 feet above the level 
of the sea, then sinks to 1 foot, and then rises again to 8 ieet 
above that level, being covered everywhere wiui a similarly 
undulating breccia made up of slightly rolled chalk flmts and 
crag shells more or less broken. 

Finally, near Weybourne, at the extreme end of the cHi^ 
where it is 10 feet in height, the section given in the annexed 
diagram (fig. 18.) is seen. We here see the shelly crag sub- 
jected to the same violent movement so common elsewhere 
in the drift. The vertical t^rnvel beds a c nre separated by 
loose sand. Other loose sand occurs in tlic arch at c c. The 
crag shells in the gravel, consistifig clitiflv of Caniium and 
Ct/prina, are in fragments, and the demulation of such beds 
may well have supplied those smuiler and worn pieces of 
these shells which are so widely dispersed through the mud 
clif& of Eastern Norfolk. 

Fig. 18. 




a (/ e &aud and luam. c 



c, e. iUnt mvd with cng thdla. 
looMttad. 

THEORETICAL CONSIDERATIONS. 

Age of the d^posils composing the mud cliffs. — It has been 
shown in the above account of the cliffs between Hasborough 
and Weybouriie, that the chalk is everywhere tho tunda- 
mental rock, lyin^ southward ot Cromer at about the level 
of low water, and rii»ing on the north of that town to tlie 
height of a few yards above that level. Its surface between 
Cromer and Weybourne is covered with occasional patches of 
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Norwich crag, which Is raielv more than one or two feet tbick» 
except near Weybourne. Upon the crag, and where this is 
wantini:^ immediately upon the chalk, rests here and there a 
lignite and freshwater formation, which varies in thickness 
from five to ten feet and upwards. It is seen at intervals 
throughout the wliole line of cliff from Ilasborough to Run- 
ton. In some places it resembles a bed of lignite, in others 
a black earlh hke that found in connexion with peat, while 
occasionally it consists of grave), sand, clay, and marl, such 
as may be met with in any lacustrine deposit. In certain 
loc iliiii s it contains the stools of trees, which remain in the 
position in which they originally grew, and which ooukl only 
have been buried under the strata now incumbent on them 
by the submergence of what was once dry land. At Mun- 
deslcy tlie freshwater formation is about 40 feet thick and 
occupies the whole cliff. 

As both the crag and freshwater formations are extremely 
discontinuous in the mud cliOs, we sometimes dnd liie one 
and sometimes the other in immediate contact with the chalk, 
while in many places both are wanting, and then the chalk 
is covered exclusively hy drift, of which the great mass of 
the mud cli£& is composed. A cursory observer, indeed, 
might see nothing but drift from Hasborough to Cromer, 
except at Trimmin^ham, where the protuberances of chaik 
occur ; and the section north of Cromer would seem to pre- 
sent little more than the same drift, with a slight exposure of 
chalk un llie sea l)each. Tlic thin stratum ot tVesliwater 
origin and the subjacent niai irie crag are most commonly 
hidden by the beach, or by llie sea, except at low water. 

Age of the crag. — As to the age of the crag, it agrees with 
that of Norwich in the species of marine shdis which it con- 
tains, and the occasional presence of land shells and the 
rolled bones of mammalia. From the various localities above 
enumerated, I obtained the following eleven species of shells: 
Purpura crispatOf Fusus striatus and conirariiis, Litiorina 
littorea Bind squalida, Scalaria grcenlandira, Natica helicoiJeSy 
Nfiada Cobboldifn, Cardium ediUe, Cyprina islmtdircu TcUina 
t)!}liqun^ T, soluiuia, iiwd Mt/a orenaria? All ot these are 
known ;is recent excef)t three, I //sus striatuSj Tellina obUqua^ 
untl Xiicula Cubbuidiiv. It woulti be rash however to pre- 
tend to determine the per centage of recent species from so 
small a numbeTt and the late discovery <^ NaUea k^cmdes^ 
one of the eleven, in a living states should make us careful 
not to assume^ when reasoning on these more modem de- 
posits, that we have acquired a perfecl acquaintance with the 
present Fauna of our seas. 
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Ag^ ef the freshwater ilcposf^^Next, ns to the age of the 
freshwater beds, we know as yet too little of the species of 
mammalia, fish, insects, and plants, which arc imbedded in 
them in considerable abundance, to entitle us to lay much 
stress on their evidence alone. But we have from Mundtsley 
and Runton, at least nineteen species of shells in an excellent 
state of preservation, naiiiuly, Paludtna vwipar a^ P. impura^ 
jP, minniat I 'alvula pisciimlis, V. crisiala^ L.imiiea palusiris, 
L* M^gmdis, L, glutinosa^ L, percgra, PUmarhi$ norlev, P. 
iwtMeakaf P* albus, P, marginatus, P. Jlraiy Alder, Jmyba 
taenirisj CycUu eorma, C appendUnlaUif C, ammicaf w«? 
and C. pusilla. 

Of these all but two are certainly identical with species 
now living in Gr^t Britain. One of these two, Cyclas^ fig, 
11, p. 364-, may possibly be a variety of our living C. amnica, 
while the other, Paludtna minnta, fig. 4, ]>. '^54, i*^ unknown. 
I have not inchulccl in the list the shell aliieti to luvbo xdvds^ 
because it would be unsale to decide on a species from a 
single individual; nor have I enumerated among the recent 
species Anodon cysneus and Unto ovalis, although there is 
little doubt that the freshwater mussels of Mnndesley and 
Sidestnmd belons to these species. 

Upon the wiMm we may conclude that this freshwater de> 
posit must agree very nearly in age with those of Stutton in 
Sufibik) Grays in Essex, Cropthom in Worcestershire, and 
others, which contain nearly the same species, with fossil 
bones of extinct quadrupeds. It is still a question in nil 
these cases, whether all the species are not living, ;iIthough 
some fetv may not be British shells, or whether there is really 
n very shght per centa*,L of lost species, to which opinion I 
incline. It will be seen that the freshwater stratum in liie 
mud cliffii everywhere overlies the crag when In contact. 
llfanj» bowefer^ of the same species of fluviatile or Jaeustrine 
shells are found intermixed with ^e marine crsg itself near 
NoTwiehy in whiok latter the same Cydas fignred above 
(p* 964) is met with. 

Age and origin of the drift. — As to the age of the drift, it 
is proved by direct superposition to 1)e newernot onlv tfinn 
the Norwich crag, but also than the freshwater beds at li un- 
ion and 6idestrand. -At the same time the section nt Muii- 
desley (fig, 2, p. 353) scorns to prove, that in sonm places 
the deposition of the dnlt was going on conterm>oraneousIy 
with tJ)e accumulation of freshwater beds. To frame a 
sattsfiMrfeiyry tbeoiy respecting the oriain of the drift is 
difficult The flum-marine contents of the Norwich crsg 
'imply the fiurmer eKislence of an eetuai^ on the piBscnt 
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site of parts of Norfolk and SuMk* ineludinf^ the eastern 
ooost of Norfolk. Into this estuary or bay one or many 
rivers entered, and in the strata then formed were imbed- 
ded the remains of nnimals and shells of the land, river, 

and sea. Certain jxirts ot tliis area seem at length to liavc 
been changed irom sea into low marshy land, eilhei be- 
cause the sea was filled up with sediment, or because its 
bottom was upiieuveti, or by the influence ul* both iliese 
causes. Two consequences followed: firsts trees grew on 
some spaces gained froia the sea; secMmdly^ in other spots 
freshwater deposits were formed in ponds or bkes, and in 
the channels of sluggish rivers^ or grounds oeossionally 
overflowed by streams. Next succeeaed a period of grs<- 
dual subsidence^ by which some of the lands supporting 
the forests were submerged, the trees broken down, and 
their roots and stumps bnried under new strata. At the 
same time, the freshwater b< ils, whether resting on crai^ or 
immediately on chalk, became covered with drift, except in 
certain places, such as Mundesley, where for a small space 
the accumulation of drift seems to have been entirely pre- 
vented, perhaps by the continued flow of a small body of 
freshwater. 

1 have met with no fossils so imbedded m the drtl^ as to 
entide me to fonn any positive opinion whether it be of fiesb- 
water or marine ori^. The regu larly stratified arrangement 
of a large part of it, and the diflerent materials of the alter- 

natinir strata, clearly demonstrate that it was formed graduallv, 
and not by any single or sudden flood. The boulders which 
it contains, some of large size, seem to imply, that while a 
great proportion of the mass may have been derived from 
neighboui nig regions, part at least has come from a great 
dibtance. Mr. K. C. Taylor obberves, that the shore to the 
west of Cromer exhibits a singular aooumidadon of travelled 
fragments of rocks^ whence it woold not be difficult to collect 
a tolerably illustnitive series. They consist chiefly of rounded 
blocks of granite, basalt, porphyry, trap, micaceous sehisl» 
sandstones of various kindis <wert, breccia, besides limestone 
and claystone ; also fragments derived from the chalk, plastic 
clay, London clay, i^reen snnd, Kellowny's rock, the oolites, 
lias, and niail>toiie; iii lact almost every ion nation aboTe the 
coai-mcasunjs. The.si', lie says, are of all imerna'diate mag- 
nitudes up to iom- tuns weight, large bouliiered masses ap- 
pearing in the sea at low water, lying mixed with flints upon 
the chalk. One block of granite is stated to be near six feet 
in dumetory and another nrns^ standing sa or eight leet high, 
hie for some years been known to & fishenaen niider the 
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name of Black Meg. This coUectioo extends about two 

miles, chiefly opposite to Beeston Hill*. 

The author just cited truly remarks, that this singular as- 
semblage of boulders must have been dislodged irom the 
wasting cliffs, of which the softer and finer materials have 
been removed by currents, for similar boulders are occasion- 
ally observed in the midst of the clay or till of the ciifls. 

In different parts of the interior of Norfolk, buulders weigh- 
ing several tons have been found in blue clay or tillf- 

1 stated in tbe first edition of my Principles of Geology 
that I was nnable in 1829 to draw a line of demarcation be< 
tween tbe crag and the drill or diluvium. The Rev. W. B. 
Clarke afterwards insisted on the distinctness of the two for* 
mations|t in which opinion 1 now concur, although I am 
hi\\\ unable, in many spots, ns, for example, near Weybouriie, 
and between Soutbwold and Yarmouth, to say where the crag 
ends and the blratiiied drift begins. But this difficulty arises 
from the absence of fossils in the croi^ as well as the drift, and 
from liie fact that the strata in the latter are oiien us regular 
and continuous for considerable distances as those oi the 
crag. 

Professor Sedgwick informs me, that in the nnstratified 
brown clay or till of certain parts of Cambridgeshire, large 
angular blocks of lower green sand and chalk, with fossiis of 
the Oxford clay and lias, occur. The till alluded to attains 

at some points a thickness of 300 feet: it resembles that in the 
Norfolk nniti ciifls, and lias been traced over inaiiy of the ad- 
joining counties. Its extent therelorc in area and depth ren- 
der its history of high importance in the geology of the east 
of England. 

I mentioned in the beginning of this paper, that I recog- 
nized the strongest resemblance between the boulder forma- 
turn which I have seen in Sweden, Denmark^ Holstein, and 
other countries, and the drift of Norfolk i and as I believe 
coast-ice and icebergs to have been instrumental in trans- 
porting much of the Targe and small detritus in Scandinavia, 
so I presume thnt at the same period the efiiects of the same 
agency was extended lo tlie British seas, although on a 
smaller scale. But while some of the Norfolk erratics may 
be of northern origin, other portions of the associated drift 
may have been brought from neighbouring regions, and per- 
haps in an opposite direction, just as we aofw observe that 

• Geoloiri' of £ast Norfolk^. 24, 18£7. 

f C. B. KoM^ CMofj ef wett Norfolk, Load, and Edin. Phil. Mag , 
^nuary 1836, p. 195. 
t Oeol. Trans., $ad Sum, vol. v., part ^ p. 368. 
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some granitic boulders are floated in ice from tbe distant 
shores of Labrador into the Gulf of St. Lawrence^ while 
oilier larfre fragments of rock, together with much gravel and 
sand, rire firmly frozen into ice iiiicl carried down every winter 
by v/irious rivers into ihe same gulf. As the part ot Canada 
where this drift is now forming corresponds in latitude to 
that of Nor lulk, the adoption of this theory of ice-drift doe» 
not of necessity require us to assume the former existence of 
a colder climate than that noir prevaiHn^ in North America. 

Dr. Mitcfaeily in a paper on the Drift of NoHblki Suflbtk^ 
&c., (GeoL Proc.» vol. iii., p. 5) has sug^sted that the ma* 
terials have been in great part derived from the destruction 
of strata which once occupied the site of the German Ocean. 
This conjecture is, I think, by no means improbable, and we 
are often too prone, when '^peculating on the original site of 
travelled boulders, to refer ihcm exclusively to the places 
where similar subblances liappen now to be exposed above 
water, wiiereas they may often have comefioni a neighbouring 
region now .submerged. The island of Heligoland for ex- 
ample, about forty miles off the mouth of the Etbe, has been 
wasting away for centuries* and in time will probably disap> 
pear, its cliffe, from 100 to near 900 feet bigb» composed 
of marl and marlslone of the new red Kandstone formation, 
might supply stony fragments and red mud» which if stranded 
by ice or otner agency on the adjacent coasts of Holstein, 
Bremen, or Frieslaiid, would differ entirely from the rocks 
occurring there iii s^fa, or ironi any rocks met uith nearer 
than parts of Hanover, situated 100 or 150 miles in an op- 
posite or eastern direction. We ought always, therefore, to 
bear in mind, that fragments of chalk, green sand, oolite, and 
lias, imbedded in the drift of Norfolk and other counties, 
may not have come from the westward where those forma* 
tions now crop oat, but possibly from the N.N.E., like tbe 
erratic blocks, if some of these be really of Scandinavian 
orinn. 

The association of stratified drift with unstratified materials 

or till, a general character of this formation in Sweden and 
Scotland, as in Norfolk, has been ui ready attributed to the 
possible cooperation of ice and currents of water (see p. 348). 

DISTURBED POSITION OF THE 6TRATA. 

The chalk and overlying formations seen in the clifis be- 
tween Hasborough and Weybourne may have been brought 
into their present contorted and dislocated posidon by three 
distinct kinds of mechanical movement; first, by ordinary 
upheaval and subsidence^ to which geologists are accustomed 
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to Attribute the bendings, inclination, and dislocation of strata ; 
seeoadty, bjr landsiipt or the sliding down of ifeft^iii% or the 

falling in of underinined banks of rivers or of submarine 
sand banks; thirdly, by the stranding of islands and berj^-s of 
ice. It is possible that all these three causes of disturbance 
roa^ have cu-opci atod to produce the complicated movements 
which we now behold in the cliffs under consideration. 

Bi^ ordinary sui^terranean movement, — First, in regard to 
ordinwjr subtemnaan movements, a general sabsidence must, 
I oooceive, have taken place over a considerable area» in order 
to explain the Bobmergence and burial of the trees of which 
the stools are found in mUu \ and this forest bed could not 
have been brought up again, together with the incumbent 
drifl, to the level of low water, wirhout a subsequent upheaval 
nearly equal in amount to the previous subsidence. But 
such a depression ntul re-elevntion of a lai ge tract may have 
taken place slowly and insensibly, and without any derange* 
ment of the stratification. A (jue^tion would still remain, 
whether such ])rotuberances of chalk as those at i rimming- 
ham (p. 357), and the inclination or verticality of the asso- 
ciated drift, should be attributed to a local and* violent move* 
ment from below, fracturing the chalk and thrusting up 
portions of it above the ordinary level of that formation. It 
18 scarcely profitable to speculate on a subject which could 
only be set at rest if the section were prolonged downwards 
into the subjacent chalk. 1 have descril)cd in the Geol. 
Trans., vol. v., pnrt T, p. 24-3, masses oi' tii ill entangled in 
chalk nt the top ot the cliffs of Mcieii in Denmark; but in 
those lofty cliff's the section extends downwards far a depth 
of Hiore than 400 feet into the underlying chalk with flints. 
The verticality of some of the layers of flint, the curvature of 
others, and numerous faults, bear testimonv to such repeated 
convulsions, that I did not hesitate to refer the entanglement of 
the upper chalk and incumbent drift of Moen to subterranean 
movements. During those convulsions, fissures and chasms 
may have opened in the chalk, and masses of the superimposed 
boulder formation may have been engulfed. 

There nre many sections, such as that represented in fig. 14, 
p. 368, wfiLie the first hypothesis whicli suggests itself is the 
proti iisioii iipwnrds of a boss of chalk, which has forced the 
yieUlirig and incumbent beds to fold round it, so thai the beds 
become perfectly vertical on the flanks of liie protuberant 
chalk. But it frequently happens that these masses repose on 
chalk and crag so horizontal and undisturbed, that -we ar^ 
entirely precluded from the supposition of a movement from 
below upwards* 

Fhil. Mag. & S. Vol. 16* Now 104* Jl% 1840. 8 C 
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Bi/ landslips mid slides. — The Inst rtinai k leads naturally 
to the considciaLlun oFevci y combiiKUion ul causes which can 
give rise to great distui baucc in ihe uvcriyuig beds, while the 
Stratification of those below remains even and unchanged. 
For striking examples of this phosoomeium the reader is 
referred to figures 1 and 13, in which the superposition of 
vertical to horizontal drift, and of huge fragments and needles 
of chaUk to horizontal chalk and crag* are clearly exhibited. 
In order to explain these sectionsi we may imagine that banks 
of mud and sand existed beneath the sea in which channels 
were occasionally excavated by currents. In banks of this 
kiiul off" (ireat Yarniouth, a broad channel sixty-five leet dec|) 
was found in 1836, where there had been only a depth of lour 
feet in 1822^ . If the cliffs of loam or sand bounding this new 
channel give way, large masses may descend bodily' and as' 
simie a vertical or curved position. They may easily escape 
subsequent denudation, because the ditectlon of the currents 
are constantly shifting. Thns strata which have assumed a 
vertical position may be forced laterally against the opposite 
sides of the channels, where the beds have remained horizontal. 
Both the juxtaposition of vertical and horizontal beds, and 
the superposition of disturbed to undisturbed strata, may be 
caused in this manner. The constant descent of strips of land 
into river beds in the deltas of the Indus, Ganges, and Mis- 
sissippi, on the subsiding of the annual inundations, are well 
known, and may give rise to analogous efiects. 

During the late landslip near Axmoulh on the 2itli of 
Beoemb^ 1839, a lateral movement took place, by which 
masses of chalk and green sand» which had been undermined, 
were forced more than forty feet in a seaward direction, and 
thrown into great confusion, while the subjacent lias was not 
disturbed The pr^ure moreover of the descending rocks 
urged the neighbouring strata extending beneath the shingle 
of the shore, bv their state of unnatural condensation, to burst 
upwards in a line parailrl to the const, by whicfi means au ele- 
vated ridge more than a nule in length, and rismg more than 
forty feet, has been made to f orm an extended reef in front of 
the present range of cliffs. This ridge when it lirsL rose was 
covered by a contused assemblage of broken strata and im- 
mense blocks of rock, invested with sea-weed and ooralJinet, 
and scattered over with shells, star^fish, and other productioaa 
of the deep. . 

• See Elements of Gcol. p. 307* 

t I have been indebted to tbekindoets of the Rev. W.D. Conjriwtfe for 
a description anil section of this landslip, which I bsfS puUilbed in the 
6th sditioQ of the Prioc. of GeoL vol. ii. pi 70. 
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We may imagine in like manner masses of chalk and over* 
lying drift to have fallen from cliffs, nrul to have been forced 
sideways over a floor of horizontal chalk ; but it appears to 
me impo«^sible, even if we adopt this hypothesis, to explain 

how the Old Ilytlie pinnncle ofclialk (see p. f^^7^ becnmf^ en- 
veloped by drift, and ihU drift in great part vertical anil rest- 
ing on liorizontal crn^»; and chalk. It seems necessary fu'st to 
suppose that a needle of chalk was tlirovvn down on liorizon- 
tal drift, and then that the wliole was forced by lateral pressure 
into a vertical position, the fundamental rocks remaining un- 
moved. 

It cannot be objected to explanations of this kind that an* 
cient cliffs and adjoining needles of chalk are no longer visible^ 
because they may have existed when the country was sub- 
siding, and they may have been removed by denudation, when 
brought down wiihm the action of the waves. 

Bij -premire of drift ice. — There is still another cause, 
hitherto, I believe, overlooked, by wliich irrent foldings and 
contortions may be produced in the upper portions of banks 
of sand and gravel, while the lower remain undisturbed; I 
mean the sLrauilirig of icebergs aiui large masses of packed 
ice. In different parts of Scotland, Sweden, Norway, and 
probably everywhere in Europe where drift is found contatn- 
m^ erratic blocks, between the latitudes 50** and 70® north, 
coiled and folded beds of loam, gravel, and sand are fre- 
quent^ and I have often seen them in Scotland resting on and 
covered by strata which remain horizontal. 

In the account given by Messrs. Dease and Simpson of 
their recent arctic discoveries, we learn tliat in lat. about 71*^ 
N. long. 156° W. they found "a long low sjiit named Point 
Barrow, composed of gravel and coarse sand, in bome parts 
more than a quarter of a mile broad, which the pressure of 
the ice had forced up into numerous mounds, that viewed 
from a distance assumed the appearance of hues boulder 
rocks*." So many facts indeed have come to my Knowledge 
of the manner in which masses of ice, even of moderate siasci 
in the Baltic, and still more in the Gulf of St. LawrencCy 
push before them large heaps of boulders, that 1 can scarcely 
doubt that lateral pressure, exerted under favourable circum-* 
stances by drift ice on banks of stratified and incoherent sand, 
gravel, and mud, is an adequate cause for producing consider- 
able flexure and dislocation. The banks on which icebergs 
run am-ound occasionally between Baffin's Bay and New- 
foundland are many hundred feet under water, and the force 

* Joora. of Roy* Qeograpb. Soc., voL viii, p. SSI. 

2 C 2 
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with which they aie stnuk will depend not eo much on the 
fdodfy as the momentum of the large floetii^ islands. The 
same berg is often carried away by a change of the wind and 
then driven back again upon the same bank, or in other cnses 

it is made to rise and fall by the waves of the ocean, ami may 
thus alternately strike the bottom with its whole weight, nnd 
then be lifted up again until it has deranged ihe super licial 
beds over a wide area. On these btiis new and undisturbed 
6>UuLu inuy be jillerwaitls tiiiown down, lu uLlier cases, when 
hmks of mud and sand forming the top of a shoal have hem 
made to anumo varioas shapes l»y the lateral piessore of iofr* 
htrgs, the bed of thesea may solMide» and tlieii tlie distarbed 
liedi may be ovenqiread by horizoDtal strata^ wliich may never 
afterwards be deraiigcd by similar mechmiicai ^loleiice. 



L\'ill. On the Method oJpL-r/(Ji i)niiij; tlw simple Experiment 
of' Intetjci enccs with two Mirrors 6li^hlLjj uiclined^ so as to 
afford an experimentum cruciii 05 to the nature qf Light- 
By R. P0TTBK9 E$q.* 

l^KESNEL'S genius devised the experiment which is the 
most direct test of the reality of tiie interference of light, 
and which proves that property in the most unequivocal man- 
ner. This experiment is jkm f ormed by causing the light di- 
verging from a luminous point to be lellccied by two^Iane 
mirrors^ placed side by side, whose surfaces are nearly m the 
same plane^ bnt which contain an angle alitde less than 180^» 
and then examining the light by means of an eye-lens. "E/uAt 
mirror gives an image of the luminous point, and we have the 
reflected light proce^ing as if itdiverged from these two Images 
and also from its having originally constituted only one pencil, 
the two reflected pencils are in the same state, so that they 
interfere where they cross each other's direction, producing 
in ordinary light coloured l):incis parallel to the line of inter- 
section of the planes of the two mirrors, with dark intervals 
between them. These bands are seen in the air in the focus 
of the eye-leas when looking towards the images of the lu- 
minous point 

Withom examining the experiment more minutely than 
just to ascertain that both the pencils are necessary to the 
production of the bands, it must be admitted that it is con- 
clusive in establishing the theory of interferences. 

The theory of interferences was brought forward by Dr. 
Yonng as a consequence of the undulalory or wave theory of 

• CoramuaicattiU by the Author. 
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light; and it must be confessed that the latter theory was 
greatly advanceil in probability by the demonstration of the 
iormer. Certain circumstances, however, such as the colour 

and arrangement of the bauds, are required to be examined 
before we can consider the primary theory to be confirmed in 
the same extent as its subordinate theory. For instance, ac- 
cording to the fundamental property of wave intei lerciices 
the central band must be white; but if it should be found in 
the experiment that the central band is black, this discre- 
pancy, whilst it would not weaken the demonstration oi the 
theory of tnterferenoe^ would yet be ft fatal objection to the 
theory of nndolations* 

Now if two equal series of circular or spherical waves 
which have the same direction, or nearly so, arrive at any 
points in the transmitting fluid, in such a manner that the 
like parts of the waves arrive at the same instant^ then their 
conjoint effect will be to produce a resultant wave stronger 
than cither of the couiponent waves. If, however, the two 
series are in a state of complete discordance, so that one series 
would produce an LlTect equal and opposite to that whicli would 
be produced by the other series, they would counteract each 
other, that is, no resultant wave would be produced. Two 
series of waves, which are respecdvely of equal diameters, and 
similar^ at every instant may be denominated simultaneous ; 
and if we draw a line bisecting perpendicularly that joining 
their origins^ the waves of each series will meet in the same 
state everywhere along this line, since every point in it is 
equally distant from the two origins. When these waves are 
verv (fistant from the origins compared with the distance of 
tlie orirrins from each otlier, they will have very Tienrly the 
same directions, and we shall have resultant waves ol greater 
strength than the component waves. Tliis is a conclusion de- 
peiuling only on the fundamental properties of waves, and 
due6 not involve any review of the various hypotheses which 
are held, as to die nature of the vibrations ot the particles of 
the fluid through which the waves are propagated. 

The experiment with the two mirrors, before mentioned, 
produces the case we have just discussed ; for the single pencil 
diverging from the original luminous point, is made into two 
penciu afler reflection by the mirrors; and these two, if light 
consist of waves, are composed of waves both equal and si- 
multaneous. We have here then an experiment on which to 
(est the wave theory oi light, and the experiment itself shows 
us which is the band corresponding lo the line bisecting per- 
pendicularly that which joins the luminous images of the 
poinU 1 or if tiie luminous point be formed of white light, 
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the various colours Imvinnr diflerent intervals for tlieir iTimiui- 
ferons siirfnces or ilitiereiU lengllis of waves in the undulntory 
theory ot iigiit, the bands will be of (hfferent breadths for dif- 
ferent colours, but will iiuve the one on the bisecting line 
above iiuiiit^l bright for every colour, and which will be con- 
se(]|uently white, when the luminous point It formed with 
white light; but on each tide of it, the superpotition of bands 
of different breadths corresponding to diffisrent colours, will 
cause the compound bands to be coloured, at firrt on their 
edges only; afterwards the colours will become more and 
more spread, and the bands at the same time more confused, 
as the distance from the central band becomes greater, until 
they are at length gradually lost in a iiglit uinform to the eye. 
The Iniiids on each sitle ami near to the central one will have 
their inner edges violet and their outer edges red, so that the 
arrangement of colours will be symmetrical on each side of 
the central white band. The central band is thus pointed 
out in the experiment by the arrangement of the colours. 

In my early trial of this experiment, I happened to have a 
dear sky and unclouded sun, which afforded a result causing 
me to hesitate before I accepted the undulatory theory as 
true. I have seen the experiment on days in wliich there 
were thin cloucls in tiie atmosphere, and once when the sun 
was near the horizon, such that it would have led me to a 
different conclusion. 

In my first experiments I was surprised to find the colours 
symmetrical on each side of a dark band, and not a bright 
one. £f ery precaution was usedy such as keeping the bands 
clear of the difiracted fringes formed by the edges of the mir- 
rors, making the distance between the luminous images so 
small that the bands were very larger and therefore that any 
prismatic effect produced by slight error of looking centrically 
through the eye-lens did not prmhice a sensible effect in the 
arrangement of the colours; also care was taken that the di- 
rect rays (as the term direct is used in optics in contradistinc- 
tion to oblique) passing through the lens forming the lumi- 
nous point were those which fell on the two mirrors. Still the 
central band was a dark one and not a bright one. I ob- 
tained the assistance of friends accustomed to accurate obser- 
vation, to examine the appearances, and they came to the 
same conclusion. I was thus at a loss to conceive how the 
advocates of the undulatory theory could state that the cet^ 
fral IfOitd rvds (d-d-m/s a while one. Some time afterwards^ 
however, I obtained a diff'ercnt result; for experimenting one 
fine cvcnin^r when the sun was near the horizon, I saw the 
midiiit: bmd dearly wbit^ and the colours accurately synune- 
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trieai oo tuh ode of it, lUhongh tbi wbde aopeared udsty 
and wtthiNit that dariuMit in the iotanrals whicn I bad Saaad 
in the previoua expefiments. Thb coirtinucd wfaatmr fMUW 

I took to keep ever^ part of the apparatus in adjastment. 

The dullness and mistiness of the latter phfenomenon led me 
to conclude that there could be no doubt but the former was 
the normal result. 1 however tried the exjicrimtjiit nisam 
with every care in the former circumsumcesy aiid iouud the 
same result as ioimerly. 

In the Number of Phil. Mag. for April, 1833, p. 279, I 

itiled» ** The fwnlt of conridenibh expexmate witb mt la, 
that it may be aeao both block and vbil)a» ibongb with ma it 
baa mncb oAanar baan tba fonnar, especially wEhi tba baoda 
baifa been well d^nfld*" &c. ^c. 

In the November Number for 1893| p. 842, I said, I 
shall coEUiider it extremely important to determine whether, 
when an achromatic lens of short focus is used to form the 
luminous point, the central band of direct interference r^iveu 
by two mirrors is bhick, as it has appeared to me, and to 
several friends lo whom I have shown it| wban adequataly 
tried with a cotmuon lens," i&c. 

I have in the papers irom whicii ilic above extracts are 
taken, publicly alatad mj dil&etiitias without t manOf and 
my idaaa of the requimmenta ibr m dedam mode of exp»> 
limantiog. 

A mode of experimenting has been adopted, (where or 
with whom the discovery originated I do not know,) which 
ia stated to give the central band white. It ia this: the 
image of the sun formed in the foeus of a lens is made 
Ur tall on a small aperture in a thin plate of metal; the 
light passing through the aperture falls on the two mirrors, 
and the aperture thus illuminated is caiied the iuniinous 
origin. 1 am informed, that when the rays lalling on the 
two mirrors are tliose which pass obliquely ihiuugh lite 
apartarc^ thao the oaotval baiM la moat distinctly a white 
ooa; and it haa been arfpned that this most be the nomei 
wey of trains the eiparmieo^ inasmoch aa iha fmja of ail 
oolours wiii nave aconratelj a eomnon origin on tlie edge 
of the aperture. 

It has been with me a subject of frequent study to find 
out a method of trying the experiment which must give a 
result not to be disputed; and I feel confident the appa* 
ratus described in this paper fulfils every desideratum. 
The points kept in view have been to eriij)!()v only such 
part^ lis are essential in the aiiaplciL form ui tiie experi- 
meul^ iuid ihua m dispensing with the mirror whiuii i:» 
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usually employed to throw the sun's light through the win- 

dow-shulter into the darkened room, I have employed t\n 
etjuatorial method of* mounting, which keeps all the appa- 
ratus ill the adjusLiDetit it is first placed in, and at the 
same time enables us to Ibllow readily the sun*s daily mo- 
tion, keeping ai the same time the roam quite dark. 

To obviate all objections which attach to the luminous 
point lieinpr formed by a common lens, which has different 
foci for diflferently coloured rays, I have employed a spheri- 
cal ffiirrort as better even than any achromatic lens; and 
again, as It was suggested to me that an objection might 
be raked if the rays crossed in a real focus» I have used a 
convex mirror, so that they diverge from a virtual focus 
without luivinfj^ crossed : also to enable me to me the lumi- 
nous point tlie smaller, I ha\e ircnerally used the two mirrors 
siighliy inclined, of })olished speculum metal, which reflects 
mauy times the quantity of light which glass leflectois do iii 
the position which my apparatus requires. With these pre- 
cautionsy I find, when tne sun is perfectly undoudcd, and 
near the meridian, high above the horizont that the central 
band is black. When there are clouds before the sun's disc» 
however slight, the central band is more difficult to fix uponi 
and generally either white or doubtfuL The discrepancies 
which have been to me a puzzle for so many years, I am now 
able to solve, and I announce the following new principle of 
interferences : — 

fVhcn light in u state of ivfrrfrremc is made to interfere 
again, the result is q/' an (Ji>pi)si{t: chtirnctcr to vchat it would 
have been if the light had been in the first instance in the 
ordinary state. 

This proposition^ which is in itself reasooablet mvlit have 
been anticipated, and solves all the anomalies. "Ae ligiit 
falling on tne small hole in the thin plate of metal, formerly 
mentioned, as used to form the luminous point, is thrown 
into a state of interference by diffraction at the edge of the 
hole, and hence the cerunil hand is seen white. Again, the 
sun's light passing through thin clouds, or through the va- 
pours of the atmosphere when near the horizon, is thrown 
more or lcs> iiiio a state of interference by diffraction at the 
edges ot liie particles of the va})ours, and gives results which 
are either doubtful or with a white centre : for where part 
of the light Is In Its original state and part In a state of inter- 
ference^ the bright and dark centrea bands will be super* 
posed, the central bsnd of the one set over the central band 
of the otheri and thus produce indistinct phsenomena in which 
the intensi^ of the one or the other species may prevail. 
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From dttlbll mw^tion^ I thus nMitrtaintluil tli9 nornMl 
molt of tbb IbndaiDeiital expertmcitt in iiiteriinneiioes» la, that 
tlio crotiml band is black, and at variance with the conae* 
quenees of all wave theories of light, and theiofore the ondti- 
Mtory theory of light is not the physical theory. 

Tliis conclusion is niso borne out by the plwnomenii of 
the rainbow, (see Lon.nrul Ed in. Phil. Mai^. for Jul y 1S:5S, vol, 
xiii. p. 9.) the actual primary and seconHarv bows being much 
more distant than they should be Iroin all calculations accord- 
ing to the uiululatoiy iheoi y of light, tlie position calculated by 
that theory to be bright being actually found to dark. In 
the artificial methods of pro&iciiig the emJMNia e£^t with 
ft nhiste ■tnem of wet0r» there is no dooEt hot that the 
cftet cefcnleted from the undolelorjr theoiy might be ob* 
teined, bj using e lime 9f in a pte vi on s state of inter* 
lerence. 

The eppoiauis is f sp wssn ted in figs. 1 and ^ ui which the 

1. 




0^ 



Fig.«. 



same letters refer to the same parts: b, c, d is a cylinder of 
wood about iliree inches in diameter, and seven inciic^ in 
length from a to with pivots as in the figures. In fi|;. 2 
this i^linder is seen placed in a rectangular aperture cut m a 
thick pieceof board m which it exactly fits, aiid is xetainediii 
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its place by steps screwed over the pivots. An aperture is cut 
straight through the centre of the cylinder, which in the axis at 
e y is circular, of a little more than half-inch diameter, but to- 
wan]> ihc surface it is extendcil longitiuliiially : through it the 
sun's lirfht falls on the small convex mirror This mirror is 
uttachetl, as in the figure, to the arm i,'^ //, nKuIe of light wood, 
abuuL lour fccL long, wiiicli iiii> tightly in a laieial direction in 
a groove fig. 2, but can be move^ in a plane passing through 
it and the axis of the cylinder^ so as to place the mirror 
in the sun's light shining through the hole. The axis of the 
cylinder is fis^ parallel to the earth's axis, when the apjia- 
ratus is finally secured in the window-shutter of a room with 
a south aspect. The form of the aperture allows for the sun's 
declination at different times of the year, by which means, 
and the motion of the arm, the sun*s light can be made to 
fall on the mirror ^* at all .seasons; and to follow the sun's 
daily motion we have only to pusii Lhe arm no as to turn the 
cylinder about its pivots. Every part is mnde to fit just so 
tight that the apparatus remains m uny posiiiou in which it 
is placed. The two mirrors are placed as at ^ ffl, so that the 
sun's light just passes their edges when it falls on the mirror 
k; by this arrangement we make it certain that the light 
received by the two mirrors is that which is re0ected nearly * 
directly by tlie mirror and therefore with very litde aber* 
ration. The two mirrors are attached to a piece of woodf 
which, having a hole in the line of contact of the mirrors, is 
moveable about a thick wire which fits tightly into this hole. 
This piece of thick wire is bent at right angles in three places, 
as seen in iig. 1, and tonus a very convenient universal joint, 
which allows the mirrors to be turned about in any direction 
required : at its lower part it is pushed through a hole ui a 

tiiece of wood fixed to the side of the arm g h. The dotted 
ines u I m are intended to show the course of two ravs 
from the mirror to their interference at n in the focus of the 
eye-lens. 

All the parts of the apparatus should be well blackened, 
and a piece of black velvet (as the most perfect black) placed 

behind and about the mirror. It is also desirable to have a 
tube of blackened paper placed on the arm near X:, tiirough 
which (he sun's light may shine, but which will prevent the 
stray iigiit from the mirror Ic injuring the darkness of the 
room. 

Those who understand analytical geometry will find the 
readiest way of fixing the cylinder parallel to the earth's axis» 
to be that of calculating the lines of intersection of the board 
in fig. 2 with the phue of their window-shutter: great aocu- 
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rucj 19 not needed in fixing the cylinder^ as its use is merely 
to ailbrd the means of foliowing the sun's daily motion and 

still to leave the room dark. 

As the apparatus is here drawn, it will be advisable to have 
the mirrors m I of •■j^eculum metal, for the angle of ifici<1cnce 
of the lifrht is too small for glass mirrors to <rivr very bright 
pha?nomena; although I have seen them oi' the .^ainc charac- 
ter as with the mirrors of speculum metal. The mirror k I 
have used of one-iuurLii of an inch focus. 

All the mirrors should be of metal which is not porous, 
and of the highest polish, so that their surface is not visible 
when they are placed a short distance firom the flame of a 
candle ; for it is probable that numerous small pores in the 
metal» or the fine lines which constitute a second-rate polish, 
would produce diffiraction sufficient to invalidate the experi> 
ment. As such mirrors are not everywhere to he had, I 
should, in such cases, recommend, as a substitute, that a irood 
lens, of short focus, well centred, be placed in the aperture 
e K and that a pair oi i^iass mirrors blackened at their second 
suiiace, be placed on tlio arm at the other end h : the incidence 
would llieii be sufficieully olilicjue to aliord an intense l ellexiun. 
Ordinary plate glass, or ^oi)d pieces of window-glass, will 
show the bands- very well; but those who wish to test the 
colour of the central band, should have their mirrors, as well 
as their lens, of good workmanship. The obtua^angled 
prisms which may be obtained in the shops, are very conv^ 
nfent for observing the bands popularly, but are not to be 
depended upon as test apparatus. 

Those who use the two mirrors for the first lime will find 
some care necessary in fixing them with their coiitimious 
edges in contact, for if the edge of one be raised any appre- 
ciable distance above that of the other, the bands are not 
produced. With glass mirrors, blackened at their second 
surface by sealin(^waaL melted over them, it is convenient to 
cement them tc^ther with the same material alonff their line 
of contact. If they are placed in position whilst uie sealing- 
wax is soft, and then retained in their position until cool, ihef 
will remain ready adjusted to be used at any time. 

I have been the moreminuto nnd popular in explaining the 
theoretical bearings, as well as the experimental details, from 
the consideiation that tiiis interesting and important experi- 
ment has very singularly been but little noticed in our more 
descriptive optical treatises ; and also from the hope that I 
may by this essay induce others to try it, who have a sincere 
wi^h to iorm a coriect upiiiiuii uu the nature of light. 
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LIX. On the Mineral Structure nf the South of Ireland, teilh 
correlative matter on Devon and Cornwall, Bel^ium^ the 
Eifel, S^c. By Thomas WfiAYEm Esq,, F.ILS., i'.G.&» 

[Contioued from ptge 297*] 

A S a conclusion to thii paper» and as connected with my 
sttbjedf 1 am tempted to advert to the disposition so pre- 
valent among geologists of placing in parallel British with fo» 

reign formations, without always maturely considering all their 
respective peculiar relations. As a case in point, none conies 
more readily to my hand than the late attempt of M. Dumont 
to assimilate the transition tracts adjacent to the Rhine, ex- 
tending from the north of France through Belgiuiii juto Ger- 
many*, to Llie Cambrian and Siiuiiuii systems of Professor 
Sed^ck and Mr. Murchiiont. ^ From this author we had 
prsTKMifly derived much valuable iolbrmation concerning that 
region} ; hot the parallel since drawn by hioi between the 
Bdgian and British Ibrmations is the lUjore remarkabls^ as it 
is confessed that the two countrws do not correspond in the 
devdopment of the mineral mamasi nor yet in the distribution 
of organic remains. Nay, so far as the latter have hitherto 
been nscertained, there appears to be but a slight analogy 
between them, and which 1 now pro}>ose briefly to show, first 
introducing M. Bumont'^ labit^ of equivaleot% for the saj&e 
of reference. 
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* For a connected view oi these tracts, it will be useful to refer to the 
**Geognostie lisp of Gennm.? sad tiw sdjoining States*' publi&hed by 
Schropp and Co^ Berlin, 1826. 

f Bti//rfirj de VAcadhne Royair dr* Sdevcfs a Brtixcllcsy Novt riibrc ] S.'.V j 
see abo a translation of ChU Memoir in the Load, and £dinb. l^hilu»ophical 
IfMuiMfiir AuguU 
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In the Ardennes, the dayskte tract (terrain ardoUier)^ re* 

ferred to the Guif&rian system, is divided into three stages: 
the lower destitute of fossils; the medial, in which roofing 
slate abounds, but in which few fossils have liitherto been 
found; and the upper, more quartzose than slaty, in which 
the vestiges ot life begin to acquire greater ux tension, and ia 
wiiich the first indications of limestone appear, the latter 
bein^ generally slaty, containing numerous crinoidal remains, 
and forming beds about a yard in thickness, but never occur- 
ring in mass like the limestooe of the enthmciftfons treet. 
In this upper stage M. Dumont notices (htkaeeraiUeSp Cn» 
noidea^ Potypariaf TVilobiies^ Stropkomena^ &c.; bnt accord^ 
ing to M. d' Omalius d' Halloyi the most common fossils which 
it displays are Spiriferee greatly expanded in the direction of 
their breadth, besides species referable to the genera Caly^ 
ptene, Asaphus, Orthoceras, Hamt'tes, Leptcena, Sfrophomefia, 
and i crnains of Crinoidea and Polyparia^. M. d' Halloy 
admits that the fossils of this clayslate tract \m\e not been 
determined with sullicient exactness. Yet as \\\r as developed 
by himself and M. Duniont, can ii be safely maint;nned that 
a precise analcnry has been established beUveeu them and 
those fiDcmd in the GaRibrisn system ? 

The cleyslate traot, thus rerened to the Cambrian system^ 
passes in its upper stage by insensible gradations into the 
•nthraciferous tract f, both on the north-western and south* 
eastern sides of the Ardennes; in the former direction in Bel* 
gium« and in the latter in the Eifel. 

In tlie anthraciferous tract, the lower quartzo-schistous 
system, referred partly to the Llandeilo and Caradoc forma- 
tion and partly to the Wenlock shale, is divided by M. Du- 
mont into three sta;^es : the lower, winch contains no lime- 
stone nor lossils, oi at least tiie latter, are extremely rare; the 
medial, in which the remains of organized boilies are also 
very seldom exhibited } and tlie upper, distinguished by the 
abundance and variety of its Shells and Polyparia from all 
other portions of the anthraciferous tract* In the upper 
stage* nodules or beds of fossililerous limestone are often ooo* 

Bruxelles, 183? , ;i work respecting which I aj^'ree with \f. Bcyrich, that it 
does not appear to imve drawn as much uttcatioii a« it deserves. See the 
•sine author bIso on the Ardennes, Belgiuro»&c., in the Bidletin de PAcadf^ 
mie RotfoJe det Sciences d BrtiseUes^ November 1 836 and Novenber 1837* 

* Elemenx de Gentogie, troi«;t( mc e<lition, 183!), pp. 47^, 477. 

t Terrain atUhrojnfere —i\m tervn^ introduced in 1803, by M. d'iialloy, 
If sdmitted by the author not to be good, since anthracite b found in other 
groups, nnd it does not occur in all the systems which con)po<»e the tract 
desirritRrcd a« anthraciferous bjr himietf and M. Dumont.— -£(^m«ii« de Oeo* 
iogic, third edition, p. 438. 
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tained in the schistose rocks. But the only fossils enumerate 
hitherto are referred to the genera Producta, Spirffera, Stro' 
p/tomena, and tlic remains of Crinoidca and Polyparia, 
W iiere, tlien, it njay be asked, are the peculiar organic re- 
mains of the Llandeilo and Caradoc formations and ot the 
Wenlock shale, to which this system is referred ? 

In the lower calcareous system, referred to the Wenlock 
limestone* ten speeiee of coral are enomeraled, mt of wfaioh 
. ooeur in the Wenlock liniestonei and eight in the Eiftl lime- 
&toiie^« Two of them are also met with in the carboniferous 
limestone of Liege and Namor, namely, C^aihophfUtm cmtpt" 
tosum, Ci/athopk^Uum pentagtmum \ and one in the lower part 
of the coal formation of Liege, namely) C^uiftopht^um gmdri^ 
geminnm. Of Tcrehratula we havf two species common to 
ihv Wcnlork limestone^ namely '/'. prisca and T. nspera, 
besides two or three other species not found in ttic latter. If 
to these we a kl Strophomena, Solar iwiif Neriia, and Cnnoidea, 
we have tlic whole of the organic remains enumerated as be- 
longing to this calcareous system in his work on the province 
of Li^: but at a later perM the author rsmarksty that in 
this lower oaleareons sjrstem are found altto IVraftraftila Am* 
eentrica^ some Spirifera and Euomphalif besides ProduUm 
and other shells which are oommoniy met with in the upper 
calcareous system (namdy, the carboniferous limestCQe)« 
Such being the case, it may be asked, wherein does the ana- 
logy consist lietween this lower calcareous system and the 
Wenlock limestone? Wlicrc nro the numerous' characteristic 
fossils of tlie latter ? On lii' (hIh ; !jniid, tlu o cf urrenre in 
this transilioii limestone of fossils whirh are cotmnon also in 
the carboniferous limestone, deserve-, ihe attention of jjeolo- 
gi!»t&, since it forms a parallel to similar jjiiu^numena m Devon 
and Cornwall, and the south of Ireland. 

The upper qnartzoHMihistons sjFstem is referred by M. Do- 
mont to tne Ludlow formation. But whera do we find the 
various fossils of that formation as enumerated by Mr. Mnr« 
chisoci ? The only corresponding species noticed are Spiri- 
Jera radiala, Terebi'viula asperOf and T« Wilsonii. The rest 
of the fossils given appear more nenrl}' allied to the upper 
calcareous system (the carhoniferojis) than to the lower cal- 
careous (the transition). As bearing on this (|iH'^rifni, if may 
also be noticed timt in the upper part of this system a beti ol 
coal has been luiinJ. 

Of the upper calcareous system there is no i^ucittiuu uuiuiig 

* Thctte wiii up|>eiir iu the tables given fur ihtr on. 
t See LoacLand Edhib. Pinl. Midler August 1880(1 
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geologists as td it bang referable to the carboniferous lime- 
stone. I may here remark also, that it contains among its 
iijipcr beds one or two seams of coal. It exhibits nuiiiy 
lobsiis that are common to the caiboniferous limestone ot tiie 
British isles; but in it are founil also some sjiLcieb which 
occur ill the Silurian system and other u an a! lion regions, 
namely, Cali^mene macrophthalma, Qrlhoceras striatum^ Tere- 
brahda laeunosa, Cyathophtfllum iurbifiaium, Cyathophyllum 
caspiiosum ; bendes one fossil, which is a native of the trans- 
ition districts of Normandy, Brittany, and Anjou, namelyi 
the Cali/mett€ JHsianh The only Goniaiite noticed in this 
carboniferous limestone is Go?i. sp/iarictis ; but in the lower 
part of the succeeding coal formation there occur also Gon. 
Ldsteriy Gon, Diadema^ and Gou. atrafus^. 

Even this brief review may be sufficient to show that there 
is but little analogy between tiie three lower systems ot the an- 
thracitcrous tract ni Bel<;iuni and the lurinLitiuns ol the Silurian 
system, lo which liiey have been a^iimilaled ; tlmt is judging by 
the organic remains hitherto elicited from the former as com- 
pared with the latter* What other fossils may be discovered by 
the extended researches of M. Dnroont and others remains 
to be seen. At present the author appears (o be fully justi- 
fied in his remark, that though the English divisions esta- 
blished by Mr. Murchison are very good for England, as 
being founded on the existence of fossils which appear to be 
different in each of them; yet these divisions must present 
palieuhtuK)Lj;ical differences more or less remarkable in other 
countries, ami that this is in lact what takes place in Belgium: 
and he therefore proposes to draw the attention of the Royal 
Academy of Brussels to tins subject at a futui e perioil t«" 
WiUi such an admission, would not the term ^f/g»a» have been 
more appropriate than that of Stlurian^ as applied to these 
formations? Premature approxiroadons tend rather to re- 
tard than promote the advance of science. It has been well 
observed by a profound judge, that, as we must be careftil 
not to apply our domestic types without modification to oth«r 
regions, so we must take care not to despair of modifying our 
scheme, so thnt it shall be more extensively applicable than 
it at first appeared to be J." It will be well for geologists to 
bear this reffection in mind. Much, I apprehend, remains 
yet to be acconiplished, before anything like a deHnite order 

* See the wofktof MM. Dumontand Beyrichalrefidy quoted. 

t Bulletin lie PAeadinde Royale des Sciences d BrtuHeilet, November 
183R, and Loud, and Edinb. Phil Mag., August WMl 

X Proceedings oi Qeol. boc, AiidreMof the itev. \V. Wbeweii, as Presi* 
dentyPebroary 1839. [Lend, tad Edioh. PUL Meg. vol xhr., p. 4M. J 



Digitized by Google 



392 Mr. Weaver on the Structure qf the South of Irehnd, 
em be «rtiblitliefl ia the seqiMOe of the tnuisHhiii ionn*- 

tions. 

M. Beyrkh considers the lower calcareoas system of M. 
Bnmont ns identical with the Eifel limestone. And M. Du- 
mont also places the Eifel limestone in parallel with the lower 
limestone of Belgium, finding below them both the same 
lower quartzo-schistous system reposing on tlie clayslate trnct 
of the Ardennes, and tracing all these iormations to the banks 
of the Rhine, In this view, 1 believe, he is correct. 

The evidence as far ai» produced leads to the conclu- 
sion, that the north-western and south-eastern flanks of the 
dajslate tmct of the AfdemieB, together with the siieoeedhig 
]ow& quartsMchistous and lover calcafeovs aystena on 
each aKMBy in Belgiam and the Eileli are justly refinrred to the 
traatition epodi* From the aame evIdeDce it would also ap» 
pear that the upper qiiartzo-schialons system is more neanj 
allied to the carhonifinona than to the tranution aeri^ ; and 
I conceive it ma^ be composed in part of alternations of old 
red sandstone with beds of carboniferous limestone*, while 
the succeeding mass of the carboniferous lioiestone and the 
coal measures follow in llieii regular oi der. 

That the whole of tlicse series, extending from tbe north- 
western flank of the Ardennes to the Belgian coal tonna- 
lion inclusive, sliould have been formerly referred by Conti- 
nental geologists to the transition sera in general is not very 
surprising, since they are commonly represented as forming 
an uninterrupted snccession {ytt with some exceptions), pass- 
ing one into the othery and as having bera anbjected to the 
same diatarbing forces; while they exhibit also aome Ibarils 
that are oommon both to the lower and htsher nienibera of 
the aeries. But the old red sandstone of British geologpsts 
has been nsually thought to be wanting in the succession, 
both here and in the corresponding tracts extendin|| hoieo 
bqrond the Rhine into Germany. M. Dumont originally 
conceived the lower quartzo-schistous system to represent the 
old red sandstonef, an idea afterwards abandoned ; and which 
has been since nho repiulifited by M. Beyricli, who justly 
observes, that were we to adopt such a view, we should have 
scarcely anythlnc^ in ilie whole Rhenisli slate mountains but 
old red sandstone and carboniferous limestone, the latter of 

* This view appears supported by the pertinent observations of M. Von 
Dedien, at p. 484 of bit modified tranalation of 11. de la BedMTi Manuitl. 
in which be refers to the beds of red conglomerate which occur on the 

Mense near Lustin and Profondeville, r\t Flayoux, south of Hiiy ; on the 
Yesdre near Pepidster, and on the Vichtl ich m Bin&felser Hammer, 
t Ift Ms MflOMlr an the piofhce of Litgc, p. 67. 
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which would fall into two great divisions, of which the lower 
would be the Eifel limestone: but such an unangement, he 
observes, would be quite inconsistent with nature, as proved 
by die evidence of organic remains*. That the old red sand- 
stone, however, occurs in considci ablt; jorce in various parts 
of Geraumy, 1 showed in the year 1821, when giving abs- 
tracts of the obMrvitioiii of If. Freiwicbeii on IIm Forart of 
Thariiigia»oiiMaiiafeld,Thiiringia, and^the Circle of theSUe^ 
and of those of MM. Von Bach ml Vcm Raniiier on Lover SI* 
lesia, the county of Glatz» and |)ait of Boheniaind Upper Lu« 
setui. And at that time, this formation was also conceived to 
exist in partial distribution in the Netherlands* then forming 
the iromcdiute support of the carboniferous limestonet. This 
view has been more recently revived by MM. Hozet and Con- 
stant Prevost, who contend that tlie old red sandstone of Bri- 
tain is not wanting in I3el|nrium, stating ns nn example, that it is 
well developed between Dinitnt and Naiuur ; ihat is, betwtf n 
the lower Belgian limestone which is in lorct; at Givet, and 
the carboniferous limestone which prevails at Namor; and 
beoce that M« Dumoiit was in error when he e adnded thai 
formation altogether from the aeries |* This appears to as- 
cord with the prior observations of M« Von Dedkeny to which 
I have referred above. 

But perhaps no evidence is more conclusive of the want of 
similarity between the Belgian and the Silurian formations 
than that which is to be derived from a consideration of the 
fossils of the Eifel limestone (which, as already shown, is 
considered as ideniicjd with the lower liuiestone of Belgium), 
placed in parallel with those of the Wenloek limestone; the 
ibssils of the Eiiel having been determined io a iimclt greater 
extent than tliose of the other forroadons, by the labours of 
Professors Ooldfuss and BroDn» and MM* Von Dechen» 
Steininger» Dumont, and Beyrich ; while the fossils of the 
Wenloek limestone have been well developed in Mr. Mnr- 
chiton's liighly valuable work. To institute this comparison, 
I have drawn up the following tables^ foimded upon a com- 
parison of the works of those authors^ which may serve to 
phMe the subject io a ciear light:— 

* JBeitrage, p. 4^ Qeneral observations on the fos&iliferous strata of the 
Rhenitli trsndtiMi slate mountaini. 

f Annak of Phi!oso|)h> , October 1821 ; /^.,tlie saoiC subject contiousd 
in August 182-3, May IH^'H, ami JoTy 

I Bulletin de la Socicte Gt oiv^niuv dc France, tome ix,. Seance dc 18 
Decembrc, 1H37. 

Fka. Mag. S. 8. Vol. 1 6, No. I04w Ma^ 1840. 8 D 
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I. General Table ot classes and orders in boiii the Wenlock 
and Eifel limestones, with tlie number of species distinct 
and common in each. 
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n» Table of g«uera and species common to the Wenlock aiid 

Eifel limestones. 



Crustacea, Trilobite 1 Calj'meue inacrophthalma. 

MotLUICA. 

• Cephalopoda. 1 Orthoccras annulattun. 

Gasteropoda 1 Euoniphalus carinatiis. 

CuNcuifERA 9 Terebratula WiUonii (Terobratula 



lacunosa* Dtdnu) 

Spirifera trapezoidalis; S. crispa, 
Daln:.^ (S. octoj)Iicata, Soto.)i S. 

radiata. 

Atrypa reticularis (Terebratula 

prtsca, Schlnf.). 
A.aspera('rerebratulaa&pcra,6'e-AA^., 

including T. explanata, Sc/Jot.). 
A. galeata. 

Leptaena euglypha, Leptama dt' 
prewa. 

CamofDia 9 CyatbocriDitet rugosus. 

ActinocriDitea nKMiilifornils. 

PaLTPAiia ...««.•«•••.< S8 Aulopora ^crpcps A. tubaefomui* 

Glaucononie dii>ticha. 

FeiMiteUa antiqua, Lout, (Goigonia 

anti(jiia, Goldf.). 
Fcnestcila prisca, Zont. (RetqMfa 

prisca, Goldf,), 
IKKopora? favosa, £om. (Cellepo- 

ra favosa, Gold/.). 
Pisropora antiqua, Loitf. (Cellepora 

anticjua, GoUff.), 
Ceriopora granulosa. 
■I ' affinis* 
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punctata. 

oculata. 



The three last species are qivcn on 
the authority of Goldfuss, m oc- 
curring in tbeDodley limestone. 

Stromatopora concentru n 
Farosites alveolaris, K. gothlandica, 

P. polyniorpha, F. spongites, F. 

fibrosa. 
Ciiteni[)orn c charoitles. 
Pontes pyni'ormis, /.ow. (Astrea po- 

rosa, OoUlf,), 
Astrca anaoasdir BlfnnvUle (CjmtlMN 

phyllum annnns, Goidf,y 
Car)'ophvllia hexuosa. 
Cyathophyllom dianthus, C. turbi. 

natum, C. caMpitosum. 
Cystiphyltum Silurien^r, Lvnx. (Cy- 

athophviium ve8tculosuin,&o/^.)* 
Strombodet pUcatum, Ehn (Cya- 

thophylluni plicatum, Goldf,)» 
Limaria clatfarata, L. fruticoiB. 
42 Species. 

IIL Table of genera comiiion lo buth limestones, but with 

ciisiiiict species in each. 



In PVeniock Umetlone, 

CaUSTACEA— 11. 

Cafymene Blumenliachii, C. ? 

Downingise, C. tuberculata, C. 

rariolaris, C. ? punctata, 
Ataphm caudatus, A. tubcrcula- 

to-caudatus, A. flabelUrery A. 

8tokesii. 
Parmtoxidet 2-inucronatus. 
— — — 4-niucronatus. 
MoLLosca. 
Heteropoda 2. lie/Uropkon dils- 

tatus, n, Wt*n!t)ckicnsi'!. 
Ce^iiuiopoda 0. Uri/weeras Bri^h- 

tii, O. eccentricum, O. fimbria* 

turn, O. canaliculatum, O. tro* 

chlearis. 

Conuiaria quadrisulcata. 
Qasteroj^da 5. Emm^^udmwi\th 
tuR, £. diteors, E. mgosus, E. 

funatus. 

PatcUa? iinplicata. 

CONCHICERA IB. 

Pentamcrus Kiiigl'.tii. 
Tert'bralida borcalis, T. uucula, 

T. crispata, T. iinbricata, T. 

cuneata, T. bidentala, T. de- 

flexa, T. Stricklaodii. 



2 D 2 



In Eifel Umetime, 
Cbustacea— 9. 
Cahmene teviaata» C. afsebnoi* 
dcs. C. Schlotheimli, C. lafci- 

frons. 

Asaphiis Hausmanni, A. Gucepba> 

lut, A. armatttt. 
ParadoxHe* macroc c plialus. 
— - flabeliifer. 

MoLLirSCA. 

Heteropoda .1. TleUerophon undo* 
latus, B. apertiis. B. striatus. 

Cephalopoda 4. Orthnceras gigao- 
teum, O. nodtdosum, O. infla* 
turn. 

C&mUttria teres. 

Gasteropoda 8. Eutm^kaliu no- 

(losus, E. railiatus, E. striatus, 
E. artieiilatiix, K. (Icprc.<su8, £, 
dcIphimiluides.K. trigonalis. 
PMia Neptuni. 
CoNCHiFRaA 46. /MomertHT Ajdei- 
fordii. 

Tertbialula concentrica, T. hetc- 
rotypa.T. t r i t ( )l>a , T . 1 ntera]it,T. 
crunicnn, T. canaliculatn, T. 
quinqueiatera, T, dichotoma, 
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In Wenlock limextonc* 
CoKCUiFEftA {iBon/tmued), 



OrOiis ruttica, O. hjbrida, O. 
filoM, O. caiialit. 

Sj^rifcraf sinuata. 



Airypa didymaj A. obovata. A. te« 
nuistriata, A. compfem* 



Cbinoidea 8. 

Cynthncr'uiites tuberculatus, C. 

goniodactyius, C. capiUaris, C. 

pyriroimis. 
Acixnocrinites simplex, A.? or- 

thritlciis, eapansus, A.? te« 

tiarius. 

POLYPABIA 1^ 

Avlopora conglomeFatSi A. eoii> 

Himilis. 

FenetteUa Milleri, F. reticulata. 
DUetforu ratiamata. 
Betepora intundibiilum. 
Gorgonia a'^similis. 
Slromatopora num tnu 1 1 tisi mil is. 
Fawmtet moUipora. 
Porites tubulate, P. expatista, P. 

discoidea. 
Cyathophyllum 0. 



CvttiphtfUtm cylindricum. 

SSDIS INCERT^ 1. 

TenkaevMUt ornatus. 
64 Speciet. 



In Kijd itniesione. 

CoMCUiiKaA (contittuedy, 

T. pentagonu, T. Wahlenbergii. 
T. acuminata, T. diodonta, T. 
subglobosa, T. bifida, T. cla- 
vata, T. amygdala. 
Orikit Pwteo, O. testudinaria, O. 
mdiata, O. ftidoiUta, O* no* 
dosa. 

Spirifera cuspidata,S. cyrtacna,S. 
pingui*, 8. microptera, S. hete- 
roclyta, S. macroptrra, S. rep- 
toplcra.S. minima, S. attenuata, 
S.curvata,S.8triatula, S.glabra 
et obtuta, S. oblau, S. cant- 
lifern (Terebntiib apwturalc, 

Atrifpa casstdea. 

hepUsnn convoliita, I>. Turcata, 
L. cnpillata, L. pectinata, L. 
minuui, L. scabricuia,^ L. ru- 
gofta, L. Scotica, L. lepis. 
Crinoidea 6. 

CyathocrinUcs geometricus. 

Actinorrimles triacontadactylus, 
A. cingulatus, A. inuricatus, A. 
nodulosus, A. bevis* 

PolYfAlIA 18. 

AMtppora spicMat A.«aniieittttce». 

FenetteUa 0. 
DUeap^ 0. 
Rrtepnra nntiqua. 
O'orgonia infundibuliformis. 
Sirwudopora polymorpha. 
FavotUrs iofundibulifomis. 
PorUct 0. 

CyathophuUum ndicttBS, C. hypo- 
ccatwiMrnie, C. ceratites, C. 
flexuosuni, C. vermicularc, C. 
tecunduni, C lamelloiiun), C. 
placentiforme, C. quadrigemi- 
num, C. hcxagonum, C. heliaiH 
thoides, C. pentagonunu 

CjfttiphyUwH 0. 

SkOtS INCBmTJB 9' 

J^fOaeulitet scalari8,T. aonulatua. 
96 Speciet. 
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IV, Table of genera and species disiiact in l ioih liinebtones. 



In Wenlock Umettone. 
Caustacea 3. 

Hemimohu delpbinocqthaliif. 

Acidaspis Brightri. 

fiumastm Barriensis. 
AsuEUDA I. Spirorbii tenms, 

MOLLUSCA. 

Cephalopoda 3. NautUtu undosai 

(Clymenia ? MiinsterV. 
IMmtes gigaiateus,L? Biddulphii. 



In Eifel UmaUnw, 
Caustacsa 0. 



Gasteropoda^, NerUa ipiiata, 
HaliotU. 



CONCHirEKA 0, 



Annelida 3. ScrjnJa ammonia, S* 
omphnlode^, S. iocialii. 

MoLLUBCA. 

Cephalopocia 12. Ctfrtoccrat de- 
prcssuni, C. compressum, C. 
anattlatttm, C. lineatum. 
i^piraifa nodosa, S. costata, 8. an* 
ntilatn, S. carinata, S. donata. 
GoHuitUes subnautilinus, G. ni|il« 

tiieptatus, G.orbiculus. 
Ghttteropoda 1 1. Turbo annatoi^ 

T. nodosum, T. oelauii* 
Trochm exaltatus. 
PUeopiU prisca, P. compressa. 
Sigaretus? rugosus. 
RoteUa helicinaeformis. 
Pkananella ventricosa, P. bucci- 

Doides, P. fusiformis. 
TurritcUa bilitieata, T. striata, T. 
nhsoletn. 

CoNCHirsAA^, Gypidia gryphoiUejj. 
ClVebratula gryplms Schlot.) 
SlrjfgoeephiUus Burtini (Terebra* 
tula rostrat*-), Vr/j/oi.)yS.Btriatii«. 
Cakeola sandalina. 
Aptydniu Isvigatus. 
Vcctcn Neptuni. 
Plcrlnrn radiata, P. eleglOt*. 
Modwla Goldfussii. 
CintfftiM id«fonne, C. elongatum. 
iMtSoM Proavia, L. liaeata, L. 

rugo«n 
Cvprina minuta> 

iSw^famoAirMi coneentrica, S. la* 
mellosa, S. donata, S. tnincata, 
8, phaseolina. 

• M. Be^rich remarks that Ptcrinctc are numerous, atid in a mnuner 
diaracteristic of the greywacke and olate rocks which supjwrt the Eifel 
limestone. Besides the two species noticed above, Pkolessor Goldfuss 
enumerates the following a« occurring in the greywacke and slate coun- 
tries adjacent to the Rhine, namely near Ems, Ptcrinea veniricosa, P. costnta, 
P,Ulktata, P. jylana, P, trigona, P. Itevis, P, eiongala; in Siegcn (and the 
Hari) P. lainellom ; near Iscrlohn, P, reticulaia; and at Paflbndorf (Coblenz) 
P. rarinafa. This last species occurs also, with P. bicarinata, at Lindlar, 
in the Bci^ territory. Of these fourteen species thus found in transition 
tracts, two only have been observed ui the carboniferous limestone, viz., 
Ptennea cUgans in the Ratingen lime8tone,and/>.raimalan«arLewiitown 
adjotoidg Niagara in North America. 
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In Wcnlock limestone, 
CoMcaivBBA QDontmued). 



Mart )tp iiicrinitet caela t u s. 
H^paiU/iocrinUes decoriis. 
JimepoerimlM decailactylus, £2. 
icondactylot. 



Esckarinaf angularis. 
Philodicli/a lanceolato. 
Honiera crassa. 
Beremwa irregularis. 

Escharaf scalpelliun. 
Blumenbnchhm giobosuna. 
MiUepvra rcpens. 
Syringopora reticulata, S. bifur 

cata. S. fiUfonnii? S. 

tosa ? 

Monticularia conferta. 
. Acermdaria Beltica. 

Cladocora sulcata. 
Turbinohpsis bina. 
Fcriicillopora ^ abnormis. 
CnetnUUum tenue. 
Sedis Intertje 1, 

Comuiiies sernulariu&. 
31 dpecies. 



In Eijd limettone, 

CoKCHIFFnA iconfbiiicd), 

Pholadomm radtata. 
ijoconlis riuiuboldti], I. mtniui. 
Geivososa 13. 

EugttuocriniteM mcspilifonRis. 
Peniaerimtet prise us. 
PhtuerkiUet ventfkosus. 

Metocrinites g&bosus. 
Jth'^^nrrhnfr^ vcrus, R, giratu^, R. 

quinijucpartitus, R. cauaiicu- 

latus, R. crenatot, 
Cupressocrinite* cramit, C. gnci* 

lis, C. te^s'f>rtitus. 
Encalj/ptocrmUes rosaceui. 
POLYPAEIA 6. 

AtithopkjfUum bicoetatum. , 

Achiileum cariosum. 
Manou cribrosum. 
Seypkia eornu-copi». 
Coscimpora placenta. 
IMkodendnm bicosutum. 



Shois Imcbktjb 0. 

71 Species. 

From the preceding tables it results that we have 



Common spedes 

Common genera but di* 
stinct species 96 

Distinct genera with di- 
stinct spedes ........ 71 

Distinct epeciei — 167 



In lAir Wentodt HmeUone. 
Common spedes 42 

Cent mo II genera but di' 
bUiict species (i4 

Distinct genera with di- 
stinct q^ecies 31 

Distinct spedes. — 95 

Wenlock — total spedes. . 137 Eifel— total species S09 

From the foregoing review, and the resulting numbers, it 
becomes clearly apparent, iliat M. Dnmont was not justified 
in pronouncing the Wenlock and Eifcl liniestoneji as ot the 
same fornmtion. It is, however, also evident that they are 
akin in a certain degree, tlie species whicli are common lo 
both limestones being to the total number in each, in the 
Wenlock limestoae as 4 to 18 nearly^ that is^ fonnii^ about 
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one third part; and in tiie Eifcl limestone as 4 to 20, or one 
fifth part. Aj^in, in the Wenlock limestone, the distinct 
specieii aru to the common species as 9 to 4, or 2^ to 1 ; and 
in the Eifel limestone as 16 to or 4 to 1. 

M. Beyrich has made the remark, that the ffrcywacke and 
slate country which suppoi is die Eifel and Belgian lower 
limestoiie^ contoitii for the greater part the tame foesils as 
are found in this limestone; and he adds, that among them 
occur a considerable number of species which are common to 
the carboniferous limestone, and in this remark he is joined 
by M. Dumont, as already observed : that this view It cor* 
rect, the following table which I have drawn up will suffi- 
ciently prove. 

V. Table of Ibssils common to the Eifol limettone and the 
carboniferotts limestone— 47 spedes, 

Cbcstacea. 

Calyineae inacrophthalma, M, Bruitg. iiichclle, Liege 

MOLLDSGA. 

Hrfrrnpnrffi 

Bciierophon undulatus, Go/df. Chiraay, Schwelro. 

B. apertus, Sow Richelle, Bristol, Fermanagh. 

B. striatus, M^. , Cbimqr, Rstiivsn. 

Cephalopoda — 

Orthoccra<; nnniilatum, Sow King's County. 

O. gigaiUcum, Sow CleMbom. 

CoKcairiEA. 

TsNhratula pugnus and latsnUis, ^Ibip. Ratini^en, Dcrbyibin^ 0ublb. 

T. crumena. Sow • Derbyshire. 

T. lacunosa (T. Wiboaif, Sow,) 

Dalm •••• Li^e. 

T. Mantiae, Sow, Ireland. 

'J'. acumioHta* Saw, Hatingen, Yorkshire. Derby»Ii. 

T. diodootfl, DtUm, Ratingen. 

T. amygdala, Gold/, Vise. 

T. saeculus, Sow DerhvHhire, Ruthernlen. 

Orthis tettudinaria*, Dalm Cromiord in Wcsij)halia. 

Spirifera cuspidata (S. elevata, ZMm.) 

Sow Ratingen, Bristol, D( rliysl^ire. 

S. octoplicata (S. cnspn, Dalm.\ Derbyshire, Cactlemaine in 

Sow Kerry, 

S. oblata. Sow Rieiieire, Vii^ Dublis. 

S. glabra ct obtuta (Terdwatula 

laevigata, Schiot.),Sow RicheUf^ Katingen, Derbyibire. 

S. pingut!> CS. layvicobta, Gold/.), 

Sow. LMge» Dublin. 

8. atteniiata, Stuo Licgc, Dublio* Cloamali. 

8. striatiila, Githlf. Hattngeii. 

liferu, Go/df. Ratingen, Vi«4 VMbWu. 

• See Professor Bromi in LcI/uiti G cognostica,^. 82. This js, 1 believe, 
the only instance on record ul aa Ortbis having been found in the carbon* 
iftratti ttoMMODe. 
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Coscmrv.^ X {continued). Loealkiu memf6aii^enMlimutone, 

Le{>t£ena(Producta) (icprcsia(SU'opho- 

meo% mmnuf&tB, Defr.)fSom» Riche)lc,Fennanagli. 

L. Scotica, Sow • Richelle.Chokier, Castlemainc. 

L. bemispbsrica, ^010. Richellc, Chokier, Ratingen, 

Buttevant. 

L. longispina, Som» RicheUe, Linlithgow. 

L. sarcinulata, Sam, Richelle, Vi»e. 

L. scabricula, Sow Vu6» Li4g^ Dublin. 

L. ruffosa (Strophoniena, Hafin,)^ 

JkOm Chokier. 

Pterinea elegant. Gold/, Ratingen. 

Cardium elongatum. Sow Ratingen, Derbyshire. 

C. alsfornie, How Ratingen, Queen's County. 

Sanguinolarit concentricti, PhilBpt, . . . Tour Mountain, Cotinty Cork. 

CaiNOIDEA. 

Actinocrinites 30-(lnctyliis, il/?// Mcndip, Yorkihire. 

A. Itevis, MiU Hatiitteo. 

Rhodocrinites wcrw, MUL .... Mendip, Bristol. 

POLYPARIA. 

Gorgonia infiuulihiilirormis, CjnM/.... Arnsberg^ 
G- Qniiijuit (Fenestella aniiqua, 

LoiM.), Goidf., Arnsbei^. 

Cjrathopliyllum flexuosum, Gcidf,,,,, Limerick. 

C. [ientagonum, Golfff. Namur. 

C. csespitosiini. Gold/. Ciiokicr, Seilles. 

C. turbinatiim, €Md/. Ridielle. 

C. quacirigcininum, Goldf., Bemeau. 

A&trea ananas, de BlniimUc (Cyatbo- 

phyllum ananas, Goldf.) Namuf. 

Favorites polyniorpha, (^oUffl Natnur, Kibcrrcld. 

F. fibrosa. Goldf. Buffiilo on Niagara River. 

It thus appearing that there are 47 species in the Eifel 

limeslone which are common to the carboniferous limestone, 

it follows that they constitute about two ninths of the Mrbole 
number found in the Eifel, the ratio being as 47 to 209. 

On the other hand, we have seen that the Eifel limestone 
contains 42 species whicii are common to the Wenlock lime- 
stone, or onejifth of its whole number, the ratio being as 42 
to 209. 

H«ice> if we take these numbers as a guide, it may be said 
that the Eifel limestone is in a slight decree more nearly allied 
to the carboniferous limestone than it is to the Wenlock, the 
difference lying between tlie ratios of 2 to 9» and 2 to 10* 

From tlie numbers which have been given it also results, 
that the Wenlock limestone contains 95 species wliich are 
distinct from those oi'tlie Kife) : and the Eifel limestone 167 
species ilislinct Irom those oJ the Wenlock limestone; of which 
47 species being also common to liie carboniferous limestone, 
it follows that 120 species may be said to be <listinctive ul llie 
Eifel, in contradistinction to the Wenlock unU carboniferous 
limestones. 
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Thif view kmb natnrallj to the infereneet that in the order 
of superposition the Eifel limestone occupies a middle rankf 
namely, one higher in the series than the Wenlock, but lower 
than the carbonijerons limestone. This result would appear 
to correspond with the notions of M. Beyrich, who, in spe- 
culatinfiT on the relatiTe age which should be assigned to the 
Rhenish sJate mountains among the transition formations, is 
disposed to consider them as ofa later origin tlian those strata 
in the north of Europe, niiniely in Scandinavia and Russia, 
in wliich the Ortfiis tribe are so abiiTulaiit. These latter may 
doubtless be placed, to a certain extent, iu parallel with the 
Silurian. 

If the views wbicii 1 liave taken be correct, in which the 
formations of the Kilel, autl the lower formations in Belgium 
are, in the order of succession, considered as antecedent^o the 
old red sandstone of Belgium (meaning such as in Britain 
has been usually des^g{nated by that name), it lieoomea doubly 
desirable that the distinguished geologists who have taken 
Devon and Cornwall in hand should complete their investl* 

Sntions. I have been led to anticipate that a considerable 
egreeof analogy subsists between the two r^ions, and, if 
h be tme^ it may yet be proved that the older stratified rocks 
of those counties nre not only of later origin than the Silu« 
rian formations (which would so far correspond with the views 
of Mr. Lonsdnle, Professor Scdp^wick, and Mr. Murchison), 
hut ot a date also anterior to ili;it of the old red sandstone 
IbrniHtion, taken in the connuon acceptation of that term. 
Whether the latter may yet be tk tct ted in the souiheru parts 
of Devon til unconformed position, may still be a fit subject 
for inquiry. 

It is remarkable that among the fossils by which the Devon- 
sUre and Cornish formations are distinguished, Mr. Austen 
thoold state a number to exist as common to the carbonife* 
rous limestone» so nearly agreeing with the number of a cor- 
responding^ character in the Eifel, namely, as 40 and 47. An 
account of the 40 species indicated bv Mr. Austen, it is to be 
hoped, may be published, and it will be interesting to com- 
pare them with the list that 1 have given from the Eifel. 
What ratio that number may bear to the total number of 
species in the older stratified rocks of Devon and Cornwall 
remains yet to be seen, ns well as what mnnber of species may 
be common to the Silurian, what nuinl)cr may be siuiihn- to 
the Eifel fossils, or to those of ihu older stratified rocks and 
tlieir included limestone biiiids in the south of Ireland, and 
what number may be moic peculiarly distinctive of Devon 
aud Coruwali. The^ are questions which can only be an- 
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ftwered by extended researches; and until these be completed, 
it may be priident to defer the assignment of the older stratU 
fied foi-niations uf Devon and Cornwall to a precise perio4 
in respect of relative ap^e. 

In the lime^totie baiHlsDf the iuulii of Ireland I Imve shown 
that 50 s})Lcics ol fossils have been determnu tl with precision, 
that is, incluiliiig heptama deptes&a and Ltpltcnu lata ; but 
Others also occur which have not been determined, e. g., Avim 
eula and GmdalUes* Of the fifty species, six are peculiar ; 
twenty-sis oonmon to other tranution tracts at home and 
abroad (of which tmelve occur in the Eifel); while for^'^kne 
of the species are common to the carboniferous limestone 
oleo*; thus nearly agreeing with tlie numbers of a correspond- 
ing character found in Devon and Cornwall, and in the £ifel. 
But as in llie south of Ireland, neither the hands of limestone, 
nor strata with which they are directly associated, nor 
yet tht».e situated more north which lie deeper in the series, 
have hiilierto undergone that rigid exaniijiatioii which is re^ 
quisite with respect lo the organic remain^ whicli they may 
contain, we are not authorized as yet to pronounce upon the 
precise proportions in which those fossils may exist relatively 
to each other in the general series. Yet enough has already 
been elicited to prove that those limestone bands stand in uii« 
interrupted connexion with strata in which fossils of a more 
decided transition character are by no means wanting ; and 
no sufficient evidence has yet been produced to invalidate the 
conclusion t!i.it the whole constitute together one consecutive 
series, notwiilisLaiidiiig wc may perceive some distinctions 
between the lc)«^siU i t the schistose and greywacke strata and 
those of the iiiLliulLtl bands of limestone. Continued re- 
^aearclies will doubtless throw further light on this subject. 

A pertinent observation of Professor Scdgw ick may here 
be aptly introduced : There are two elements of classifies- 
tion applicable to stratified rocks of all ages, namely, phy- 
sical stiucture and order of superposition; one giving tne 
mineridogical unity of a group of rocks, the other their relative 
age. In addition to the two former, are classifications founded 

on the organic remains in the several groups As, however, 

the (so-called) laws respecting the distribution of or^^anie 

* Sec Memoir on the South of Ireland in Geological Transaction^, vol v , 
seronU series, and Lnnd. and Kdin. Phil. Mag. for August Whcu the 

former work was finished in 1835, I considered the hocardia obionga as 
peculiar to the Cork hand of limestone; but Professor Philiip^'8 Illustra- 
tions of Yorksliirc, |);irl ii., piil'lishfi! in Is.'^f?, have shown that the /lo- 
card'm od/onga occurs aUo in corbuniferou;* liiuestone in Yorksbire, and hi 
the couuLies of Kiidare and Dublia. 
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types are mere general results founded on actual observation, 
it is obvious that they can never upset conclusions drawn from 
the clear and uiuuiibiguous evidence of sections. The two 
methods may be used independent!)^* and con^pue to the 
same end, but in their nature connot come into pei nianent 
collision*." Ill i\w. present case it bhould be borne in 
mind thai the cooseoutive ieries of the older stratified rocks 
of the south of Ireland is uncmifinrmMu overlaid in the 
northern parts of Kerry* Corfc» and Waterfordt directly 
either by the true old red sandstone formation of British 
g^ogistSy or by the carboniferous liroestoneb or the coal for* 
nation f. 

I might now extend the comparison by entering into the 
countries adjacent to the right bank of the Rhine, or into 
the Fichtelgebirge ; hut in neither of them is the informa- 
tion hitherto obtained (jI" so extensive and detaiictl a character 
ail to aduut of precise concluaions. To what was previously 
known reMiectiog the former tracts, M. Beyrich bwi made 
consiflerable additions in bis Bsilrc^^; and from these conr 
tribtttions it may be collected* that the greater part of the 
Nassau limestones near Dillenburg, &c., as well as those of 
Bensberg, Refrath» Paffrath, &c., adjoining the Khine^ to- 
gether with the greywacke and slaty rocks in which they are 
intercalated, or on whicli they simply rest, exhibit in general 
the same organic remains us the Kifel, althoimh they possess 
also species and even genera not hitherto found in the latter; 
e.g., at l\iiriath the nfenera xYt/vVr/, Mr<jalod<)ii,, (\ndilai 
Monodonta, Buccinum \ uud in Na:>saii in the \\ iabcnbach 
clayslate Parmaphamsi and in the limestone on the Labn near 
Villemar an OUreoy a genus not previously noticed in any 
transition country.^ Of the Nassau limestones it is remarked 
that they differ chiefly from the Eifel limestone by being for 
the greater part interstratiBed with the greywacke and slate 
rocks, while the limestones of the Eifel are merely superim- 
posed upon the latter in troughs. In Belgium, however, the 
same, nnmelv, the !ov/er limestone frf tliat countrv, forms an 
inter->n atifiLtl portion ot tlie general series. Considering then 
the fu5i.il3 wliieh have been noticed in these districts, we have 
here again an exenipUfication of ailiiaiies and dillerence.s in 
the organic types of their respective strata. Should M. 
Beyrich complete the work which he proposed to himself in 
the year 188^ff of drawing up an exact critical catalogue of 

• Proi- of ficol. Sue. vol. ij., p. 675, May 1838, [or Load. aodEdinb. 
Phil. .Vlag. vol. xiii., p. 299. 

t Set my (ieological Map of the South of Iidaad, in Oeol. Tnuit. 
foU v., •seoDii Mfiet. 
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all the fossils which occur in the Rhenish sUte mountains^ 
such a work could not fail to prove of high interest to every 
geologist, and its appearance is much lo he desired. 

From what is ah'eady known of the transition tracts of the 
Fitchtelgebir^e and of Bohemia in the environs of Prague, 
it may be inferred that the same doctrine of allinities and 
dif?erences applies there also. It is understood that the late 
Count Miinster was engaged in a work from which great 
light might be expected to be thrown on the more enaent 
formations* As his valuable collections have passed into the 
possession of the University of Cambridge, we may well an- 
ticipate that his extensive labours will not be lost to science. 

Jf the genus Orthis be considered, as it appears generally 
to be, indicative of the older transition formations, it must 
also be admitted that the genera Terebratula^ Spiriferoy and 
Lteptmia Jire of equal anticjuity. 

In fine, even this brief exposition may serve U) confirm the 
opiniun which I have formerly expresved, namely, that in 
widely extended, or distantly separated, lauds of transition 
or protozoic oiigin, the relations though akin may not be 
exactly alike ; in other words that resemblances may exist, 
but diversities prevail in the details of diiferent tracts, both 
with respect to tiie composition and disposition of the mineral 
masses and the distribution of the remains of organized bodies. 
Whether the transition formations may ultimately be sepa- 
rated into definite consecutive groups, is a question which can 
only be satisfactorily determined by the results of extended 
comparative inquiries. 

[To Im cQntimM^O 



LX. Oft the Course iif the EUetrtcal Discharge, and on the 
Effects of Lightning on certain Ships qf ff^r British Navy^ 
4v. 4^c, By Mr. Snow HahriSi Esq,^ i\ILS. 

[Contimicd iroin \i. i~'».J 

To the Editors of the Philosophical Magazine andJoumaU 
GbntlemeV) 

24. TN the instance I last (juuiccl of damage to 11. M.S. Rod- 
ney by lightning, it will be remembered that there 
was no regular metallic line through which the forces in ac- 
tion could become neutralized. The electrical agency had 
therefore to find for itself such a general course, as upon the 
whole opposed the least resistance to its progress; and it is 
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cvklent tliat in this case Its pnth was determined on the ge* 
neral principles beiore laid down in sec. 17, p. 123. 

25. I shall now proceed to state a lew cases of dain;]n;e 
to certain other ships of the navy, where metallic IxnJies 
happened to be so disposed about the digging and liull, as 
U) approximate m some iiieusuit: to the conditions ol ex- 
periment 2, sec. J 7) and consequently to that perfect state 
of defence against the expansive force of the electrical dis- 
charge in which a ship would become placed, by perfecting 
the conducting power of the masts, and uniting them into 
one general continuous system with the metallic masses in 
the hull, and with the sea. 

These cases are particularly interesting, and conclusive of 
the general question of the protection to be ailbrded by such 
a system. 

No. 1.— In Septenjber 1833, H.M. ship Hyacinth had 
both the fore and main-lop masts and top-gallant masts tie- 
stroyed by lightning hi the Indian Ocean. The electric fluid 
shivered these masts from the truck to the heel of the top- 
mast, as indicated by the waving black line a 6 in the an- 
nexed diagram, fig. 1, which represents the effects on the 
main mast; at the point 6, it became assisted by the chain 
topsail sheet leading to the deck at r, and so did no further 
damage to the mast ; at rf it received further assistance from 
the copper pipe of Hearle's patent pump, leading to a small 
well at <?, and thence by a second pipe throiii^'h the ship's side 
under water, and this passed safely into tlic sea*. 

26. Now it is evident here that a heavy discharge of light- 
ning which shivered completely a sloop of war's main-top mast 
and top-gallant mast varying from i i iuclie--> to a loot in dia- 
meter through a length of at least 80 feet, was conducted with- 
out damage or fusion by an iron chain and a short copper pipe. 
It is therefore important to state the dimensions of these me- 
tallic bodies. Now the iron chain consisted of links 2^ inches 
long, made of iron rod ^ inch in diameter. It reached from 
the lower yard to the deck, a distance of about 50 feet 

The pump consisted of copper pipe 4 pounds to the square 
foot; it was 3 inches in diameter, and about the ^'yth of an 
inch thick, extending through a distance of about 10 lieet. 

The eftecLs on the ioremast were very similar, they are 
omitted therefore for the sake of brevity. 

27. It is not a little reinarkable, that five years after this, in 
1838, this same ship was again struck by lightning, whilst at 

• The<t' nrcumstances are minutely detatlct! by Caut. Blackwood, who 
communUt^d liie sbiu at the time, and may be seen in nis iuteresting letter 
on the fubjeet, in tne Nsutical Magazine, voL viiL,p» 116. 
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Fig. 1. lilg. 2. 




HjfQemth* Atho/, 

anchor in Penang Bay» and again lost her main-top mast and 
top-gallant mast in a siroUar wayi the lower mast being pre* 
served by her chain topsail sheets. 

28. No. 2. In 1830, the Athol, of 28 fruns, was struck by 
lightning on her foremast, in the Bi^ht of BiaflVa : at this lime 
the topsails were lowered on the caps and the other sails 
furled, as showed in tlie annexed diapfram, fig. 2. This ship 
had chains for hoisting the topsails uhicli lay in the direction 
of the topmast as indicated hy the dotted laie be. She had 
also a chain for topsail sheets, which led along the lower masts 
as indicated by the line <<e. When the electtkttl explorion 
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fell on the truck it shivered the top-gallant mast in pieces so 

far as tlie commencement of the chain at h ; }»ere being as- 
sisted by tlie cimin, it passed on "without any damage to the 
topmast, which is extremely wcrrthy of remark, because in the 
former case, where there was no chain, the top-mast was de- 
stroyed. 

Having reached the point c, where the chain terminaledi 
it passed with damage over the head of the mast, until again 
being assisted by the lower chain d it passed wUkmU da* 
mage to the deck ; on reaching the deck at ^» it passed by 

means of a bolt through a beam in the forecastle upon tha 

chain cable, and thence into the sea*. 

29. These effects are similar to the former, and show the 
protection afforded hy tlio chains, and their power of con- 
ductincr heavy dischai fres of lightning without any of the ill 
consccjuences insisltd on by Mr. Sturgeon ; since in both 
casLs the chains were in ilie vicinity of large metallic masses, 
viz. tile iron lioops, iron-bound blocks, &c. about the masts, 
and in both cases the lightning passed through the haU« 
Now as all die laws of nature are general, not partial, it is 
reasonable to infers that if Mr. Sturgeon's view of a lateral 
explosion were true, it ought to apply in such palpable oesea 
as these, more especially when be says he can produce a la- 
teral explosion at 50 feet distance with ajar of only ^ a quart 
capacity-" 

^0. No. 3. The effects of lightning on H.M.S. Snake, is 
anollu I" strikinc: instance of the "^^eneral laws we have been 
contending for. The pha:;nomena are detailed with peculiar 
clearness by Capt. Milne in the March mnnberof the Nautical 
Magazine. The electric lluid entered main truclv, shivered 
royal mast, splintered top-gallant mast ; then over chain main 
topsail tye vSikout damage to within 8 fact of the deck so fat 
aa the topsail halliards. 

Finding, as observed by Captain Milne, an obstruction 
here in the ropes, it again seized on the maat^ and be- 
came divided at the saddle of main boom ; one portion 
passed out of quarter-deck port to the sea, the other to lower 
deck and down the mast, and distributed itself over the hidl, 
affecting persons below. The mast, on being examined at 
Halifax, was sprung about the partners two inches deep and 
13 inches ronrid, and was pajrctli/ intrsf asn/u/cr nf the s/ep: 
hence the shock had extended to the heel, the electric inaiter, 
consequently, must have passed by the metallic bolts in the 
keelson to the sea. 

* An interp'^tinc? and authentic occount of this circumstBiice will be 
found 111 the Mauucul Magazine, vol. viii., p. 114. 
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It i'i fiivtlier stated, niid it is a most imptn taid Judy tJiat a 
seaman aUfjl on the cross ireeSf at the time, did not experience 
any sensation whatever. 

SU No. i. The Buzzard brigantine was struck by Ughtning 
on the Coast of Africa in February 1838, and lost her top -gal- 
lant and topmast, under precisely the same circumstances as 
those of tlie Hyacinth, the lower mast being preserved by 
the chain topsail sheet*. 

32. No. 5. Tlie Fox revenue cutter was struck by lightning 
in Marcli 1818. The mast was furrowed and otherwise da- 
maged in every })arf except where it was coppered: as a|3pL:u*s 
by a minute made at the time by tlie master mast-maker at 
the PiyniouLli dock-yard. 

Now the copper usually placed about a cutter's mast is not 
the 7^nd part of an inch in thickness. In this case it re- 
mained perfect. 

SS* Na 6. The spire of a church at Kingsbridge in Devon- 
shire was struck by lightning in June 1828, and fearfully 
damaged. This case is particularly worthy of notice. 

The lightning fell on an iron spill, ^, ^, supporting the 
we:itli(^r-c(>cl<, about 7 feet in lengtli niul 
1 ifu li ill diameter. On this it pHKhucd no 
visible etl'ect, r»or did anj/ damage arise to 
the st07ie-work ubotd the rod. It was not 
until the rod cea^ied at the point b tiiat ihc 
masonrv was rentf* 

84. Ma Extract from a letter from Lieut 
Sullivan, of H.M.S. " Beagle," addressed 
to the Editor of the Annals of Electricity, 
&c*9 &c., relative to the protection ailbrded 
by a continuous conductor attached to the 
mast of H.M.S. Beagle. 

" Having considered your communica- 
ti(;n in the Annals of Electricity on marine 
ligiuaiiig contluctors, coiuainiiig observations on the stroke 
ot lightning wiiich led uu the masts of H.M.S. Beagle, 
I think it fair, both to Mr. Harris and the naval service^ to 
describe the phsenomena I witnessed on that occasion; first 
stating, that at the time of my joining the Bei^^le in 1831, pre- 
viously to her leaving Englaud, I had no acquaintance with 
Mr, Harris, and certainly no bias in favour of the conductors 
with which the ship was fitted. I may therefore claim to be 
considered an impartial observer. 

* This case was given me by the commander T.ieut. Fox. I wa*! myself 
on board the vessel on her arrival. 'I'hc particulars are noted in her log. 

t MS. letter with a dnwing, dated July 11, 1828» from the Rev. 
G. F. WiK, late Vicar of Kingibnt^. 
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At the time alluded to, I was first Lieutenant of the 

Benf?le, and was attending to the duty on deck. She was at 
anchor off Monte Video, in the Rio de In Plata, a part of the 
world very often visited by severe lightning storms. Having 
been on board H.M. ship Thetis at Rio Janeiro a few years 
beiore, when hevforrma^t ivas entireli/ destroi/ed f/t/ Nghining^ 
my attention was always particularly directed to approaching 
electric stonnsy and especiallj on the occasion alluded to, as 
the storm was unusually severe* The flashes succeeded each 
other in rapid snocessloiiy and were gradually approaebing; 
and I was watching aloft for them when the ship was appa- 
renUy wrapt in a blase of fire, accompanied by a simultaneous 
crash, which was equal if not superior to the shock I felt in 
the Tlietis; one of the clouds by which we were enveloped 
had evidently Hurst upon the vessel, and as the mainmast 
appeared for the instant to be in a mass of fire, I felt certain 
tliat the lightning had passed down the conductor on that 
mudt ; the vessel was snaken by the shock, and an unusual 
tremulous motion could be ilistniciiy icli. As soon as I had 
recovered fifom the surprise of the moment^ I ran down 
below to state what I saw, and to see if the conductors be* 
low had been afiee^ ; and just as I entered the ffun-room* 
the purser, Mr. Rowlett, ran out of his cabin, Qdoug the 
beam of which a main branch of the conductor passed) 
and said that he was sure the lightning had passed down 
the conductor, for at the moment of the shock he heard 
a sound like rushing water passing along the beam. Not the 
slightest ill consequence was experienced ; and I cannot re- 
frain from expressing my conviction, that had it not been lor 
the conductor the results would have been of very serious 
moment. 

** This was not the only instance where we coniider that the 
vessel had been saved from beine damaged by lightning by 
Mr. Harris's conductors; and I Delievethat in saving 1 had 
the most perfect confidence in the protection which those 
conductors afforded us, I express the opinion of every officer 
and man in the ship. 

•* Not being sufficiently acquainted with electrical experi- 
ments, I cannot remark upon those you have adduced in sup* 
jx>rt of your opinions detrimental to Mi-. Harris's conductors. 

** I can, therefore, only repeat my conviction that the Beagle 
was btruck by lightning in liie usual way, aiui certainly with- 
out any lateral explosion or other ill effects similar to those 
you insist on in your Annals of Electricity." 

85. Now these facts are totally subversive of all Mr. Stur- 
geon has advanced concerning his destructive lateral explosion 

FhiL Mag, a 8. Vol. 16. No. 104. A% 1840. 8 £ 
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in the way of objection lo tbe fixing conductors in ships' musts, 
and prove in the most conclusive manner the protecting 
power of such conductors: his statement, therefore, that "de- 
structive lateral discharjges will always take place when the 
vicinal bodies are capacious and near the primitive conductor 
or to any of its metallic appendages," b clearly fallacions. 

36. It is allowed by writers on inductive science» that we 
wander from the true path of philosophical inquiry^ and take 
up that of assumption and conjecture,uirectly we cease to verify 
our principles by an appeal to facts. In order to nrrive nt a 
genern! Irnv of nature, it is requisite to examine careialJy a 
great number of facts bearing directly on the quc^uon at issue, 
and show, that ihe principle we assume is comnion to iheui 
all ; ior il in any case the assumeil principle is decidedly ne- 

gatived, it is at least a powerful exception ; and it may be suf- 
dent to overturn our whole theory. 
If such excqitions are numerous, any theory which cannot 
include them is decidedly untenable. 

It has been well observed by Abercrombie^ that in 
deducing a general principle, " when the deduction is made 
from n full examiii:ition of all the individual case^i, and 
the general fact shown to apply to them all, this is truth; 
when it is deduced from a small n umber of observations and 
extended to others to which it does not appli^^ this is false- 
hood." 

37. In applying these principles, we Hnd Mr. Sturgeon's 
assumed lateral explosion decidedly negatived in afl the 
eases just cited, since we do not find any such occur in the 
passage of heavy discharges of lightning alon^ the masts, 
&c. ; we do not find, as asserted by him, anythmg like elec- 
trical waves produced by the dischai^ through a conductor 
situated close to the magazine. Thus in the case of the Hy- 
acinth, No. 1. the copper piiiiip, d r, fig. 1, was a conductor 
near the alter maga/mc. Vut the electric shock, in passing 
down ibis and throu^ij tlieslup's side, did not cause inifnse 
sparks among the powder barrels, whose aielaiiic linings uud 
hoops reciprocally interchange them t«" 

88. Again, we do not find in the passage of a dense explosion 
of lightning that the sailors are necessarily subjected to la- 
teral discharge^ since in the case of the Snake, it may be ob- 
served that a seaman aloft on the cross-trees did not experi- 
ence anjf sensation whatever, although the top-gallant mast 
was shivered, and a terrific shock darted from the heel of it 
to the chain topsail tye. Now if Mr. Sturgeon's views were 

• Oa the JnteUectual Powen. f Strngson's McsMir* 
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practically sorind, tlii*; man ought to have been killed on 
tlie spot by a " iu!cr(il discharge,^* as he says happened to a 
seaman called ^^ ilson in the case of the Rodney. 

39. Mr. Sturgeon, therefore, if he still adheres to liis theory, 
is at last reduced to the necessity of supposing, that iiis lateral 
dischai^e may sometimes occur, and sometimes not, which is 
manilestly in the teeth of his own hypothesis. This instance 
just quoted of the little effect experienced by persons in the 
vicinity of heavy electrical discharges is by no means a solitary 
onc^ as the following extract from a letter from Admiral 
Hawker, with which he fiivoured ine relative to the damage 
done to the Mignomnc, very fully shows: — 

" The circumstances of the Mignomne beinrr struck by 
lightning were these : she had been on shore, and was going 
to Port Royal, Juniaica, attended by the Desiree; we had a 
day I think the hottest I ever experienced in the W. Indies, 
without a cloud. After sunset we obsei ved clouds rising up 
from every part of the horiaon inth thunder and lightning. 
I ordered the tofisails to be lowered in case of squalls, and 
we ran down towards Port Rqyal : about midnight the heavens 
seemed to be one continued flame, and soon after the main 
top-mast was shattered into probably fifty pieces, scattering 
the splinters in all directions; the mainmast was split down 
to the keelson, and a sulphurous smell came up from the hold, 
which occasioned some to cry out that the ship was on fire. 
Two men were killed m the main-top, beinrr burnt black, and 
having some splinters stickini; in them, and a man who was 
sleeping on the lowei tleck with his head on a bag (lor the 
ship having been on tlie rocks for three days there were 
no hammocks] near the armourer^s bench was found dead, 
with one bkck speck in his side ; anolher man sleeping hy him 
was not hiai^ 

40. The number of instances in which dense explosions of 
lightning have passed y&j near to persons without causing 

any serious injury to them is remarkable. 

Thus in the case of the Buzzard, No. 4, before mentioned; 
the explosion at the time of shivering the top-mast passed so 
near to a seaman called Robert Purk, that it actually tore 
the shirt from his arm : he very kindly showeti me the shirt, 
and pointed out the place where he was standing. Lieut. 
Fox, who commanded this vessel, and who was fpoA enough 
to send me an account of the damage, &c. sustained, ssys, m 
allusion to this circumstance, The lightning took a strip* 
out of the shirt about two inches wide from uie shoulder to 
the wrist without hurting him." 

No. 9.^1n the instance of the Hawk cutler, lately struck 

2£2 
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by lightning on the west coast ofKrris, and seriously damaged, 
it appears that the electric matter in passinf^ down the main 
hatchway passed between a man and a bov. Neiihcr were 
hurt ; the latter experienced a shuck oidy. It also passed close 
tofttiotlier man lying across a hammock about the same spot, 
who jumped up and thought his neck handkerchief was on 
fire; the latter experienced a temporary effect only in his 
right arm. 

41* All these cases evidently show, that no damage occurs 
from a shock of lightning out its direct path. It may, how- 
ever, di%'idc in the absejice of any good conducting course, 
and branch out into a variety of other courses (us already ob- 
served) and seize either wholly or partially upon bodies which 
happen to lie in certain points, as clearly sliown in all these 
cases, and in the partial fusion oi the leaf-gold given in ex- 
periment 2, p. 124, of my last communication. 

We may also expect to find an expansive etifect of greater 
or l^s force in the vicinity of a discharge of Jree ek^riciiy 
under the form of a dense spark, in a bad conducing interval i 
as observed by Dr. Priestley, the air being suddenly dis- 
placed gives a concussion to all the bodies which happen to 
be near it.'' 

4?2. It is clear therefore thnt in all cases where injury or death 
has occurred, as in those before given in the Mignomne, Rod- 
ney, &c., it has been the result of the passage of the electric 
agency, either wholly or partially, through the animal body, 
and not from the result of any lateral explosion of electricity, 
such as described by Mr. Sturgeon. If, as he says, such ex- 
plosions in all cases of proximtty to the primitive diarge ne* 
cessarily arise, such proximity to the passage of a dense 
shock of lightning would be in all cases fatal, which is evi- 
dently not the case. 

43. I have now to consider briefly ;i few instances of the 
power oi metallic bodies to transmit heavy discharges of 
lightning. 

In the case above quoted of the Hyacinth, we observe, us 
already remarked, that a Hash of lightning which shivered 
the tf^mast and top-gallant mast passed over a small iron 
chain and copper tube without fusing either. A similar 
result ensued in the second instance of the Hyacinth being 
struck by lightning; also in the case of the Athol and Buz- 
zard, and Snake, and in a great variety of others too nu- 
merous to detail here. 

In the case of the Fox, No. 5, it is seen that the shock of 
lightning which damaged tlie mast, was conducted witiiout 
fusion or damage by sheet copper of ^i^nd of an in chin 



Digitized by Google 



and on the Efficts qf Lightning on certain Ships. 413 

tbkkness placed in the wake of the gaff. This ia condo- 
aive of the fidlacy of Mr. Sturgeon's assertion, that an^ con- 
ductor applied to the mast, would, under the operation of 

lightning, oe probably peeled from the wood." 

In the case of the Kingsbridge spire, No. 6. The lightning 
which shivered the tower, tell on a cylindrical iron rod of an 
inch diameter without producing any effect on it. 

In the case of the Rodney, the fla'^h wliich set the top on 
fire and splintered the masts, was conducted by a short cop- 
per funnel for top-gallant rigging without fusion. 

In the case of the Beagle, No. 7, a shock of li^tning 
passed down the conductors without producing any met on 
them. 

No. 10. A house was struck at Tenterden ; the lightning 
fell on an iron bar three-quarters of an inch square^ but pro- 
duced no efiect on it.* 

No. 11. A stroke of lightning fell on Mi-. West's house 
at Philadelphia, iiavinn; a conductor terminatii)<r in a brass rod 
ten inches long and a quaiier of an inch in diameter; only a 
few inclief; of the point were melted, but no damage occurred 
to the building f. 

No. J 8. On the 1 9th of April 1 827> one of the lar^ New 
York packets, whilst in the Ualph Stream, was assaded by 
two most awful strokes of lightning twice in the same day. 
The first shock was productive of serious and destructive 
iects. The second shock fell on a pointed conductor subse- 
quently hoisted to the main-mast head. This conductor con- 
sisted of an iron chfiin having; links ofn quarter of an iticli thick 
anil two teet inlenii;tli aiui turned into hooks at eneli end, con- 
necteii by rings of the san:ie thickness, and one inch annular 
diameter. This conducior was attached to an iron rod placed 
at the riia^t head, half an inch thick and four feet long. 
The explosion fell in a concentrated form, and with an awful 
crash upon this rod. Although the small chain below was dis- 
jointed and some of the links fused, yet this pointed iron rod 
was only fused for a few inches. The ship in the second ease 
escaped danger. 

Now these are authenticated cases, and there are numerous 
others- which I might adduce, to show how perfectly capacious 
and cofitinuoiiS conductors transmit shocks ot lightning. 

No good iiibtance can be adduced in which conductors of 

freat capacity have been even moderately heated by lightning, 
do not adaiit Mr. Sturgeon*s " on dit " respecting the con- 
ductor passing through the Nelson Monument in Edin- 
burgh. It is really no evidence whatever on a scientific ques- 

* Phiioiophical Transactionf. f Ibid. 
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turn* // is said (observes Mr. Sturgeon) that the lightniog 

rod passing through the Nelson Monument became so hot 
by lightning that it could not be touched by the hand by the 
person who visited it afterwards. Allowing a few minutes 
to have elapsed between the flash and the person entering 
the monument, the probability would be that the conductor 
had been made red-hot." This is of the same character with 
all Mr. Sturgeon's data; it is generally surmise, the shofw 
without the reality ; it just amouDti to nothing, 

45. 1 am aware that it has been also supposed that the great 
condaotors of St* Paul's church were healed by Ughtning, 
but it is only a supposition. The conductors were not ex.* 
amined before the lightning which was said to have fallen on 
them» occurred, so that we cannot be certain that the observed 
appearances were not originally present after the forging of 
them ; it is besides very unlikely, that a stroke of lightning 
should have fallen on this building, capable of renderinrr bars 
of iron, six inches wide and one inch and a half thick, red- 
hot, without destroying the thin copper covering the ball and 
cross on the dome of the building, and without the crash of 
the thunder having been heard over the whole city, no men- 
tion of which is nuide; when Sl Bride^s steeple was struck, 
the latter was peculiarly remariuble. 

46. There is another instance on record, of the effects of 
lightning on an iron rod, in Port Royal, Jamaica, mentioned in 
the Transactions of the Royal Society, the evidence of which 
seems very incomplete. Two men are said to have perished 
by lightning near a church wall : that is not improbable : but, 
on subsequently looking inside the wall, a bar of iron an inch 
thick, ana a foot in length, was found in many places wasted 
away to the size of a fine wire. Now it does not appear that 
this bar was eiuunined premmufy to the occurrence of the 
lightning; hence we cannot infer that the wasting was pro- 
duced by the electric fluid; more especially as similar ap- 
pearances are not uncommon in bars of iron erected in churdi- 
yards in this country, and which have evidently resulted from 
oxidation and time. 

47. Seeing then how much evidence we have from actual 
experience of the protective effect of regular conductors of the 
xoorst kind, and their power of transmitting dense explosions 
of lightning, we may reasonably inter that a conductor of 
copper equal to a rod of an incii diameter, and cjctending the 
V)hole length of the mast^ would be proof against any discbarffe 
of lightning ever experknced, as, I think, is shown by the 
cases in which ships fitted with my conductors have been 
struck by shocks or lightniug without damage. 
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48. Exoepckiii%lio«ever, have been talM by Mr. Stargeon 
to ihe phaBnoowui described by the ofBoers wlio either con^ 
tnanded or were in the ships. Thus Captain Turner, in de- 
scribing the shock of lightning which fell on tlie Dryad fri- 
triite on the const of Africa, ^avs, that " lie saw the lirrhtnincr 
on the coiukicior on the fore-mast, and saw it during another 
flash vun down the mizen-mast ; that all the men there henrd 
a loud whizzing noise." Captain Fitzroy and Lieut. Sullivan ^ 
also mention similar [)hainomeua. Xuw the exceptions taken 
are thcac, viz. ihaL nu noise is ever produced by electrit:iLy 
entering a conductor* and that we cannot produce a run- 
ning light" upon a condostor earrying an ewotrioil charge. 

TlMie esceptbDi^ howev«r» ^ father eaptioiia objectioiia 
to tomaof aspiaaaoDi than to tha ftots thauMelTat; it is aasy 
to ihow fiwun exparknce thai itiminoui appeanmces are ofbs 
attaniiit on diiohaigat of both natunU and artificial oleetr^ 
dty. 

Thus in the c^e of the Hawk (Na 9.) the account states 
that "the vessel was apparently enveloped in a flame of light- 
ning;" whilst ill the case of the Beai^le, Lieut. Sullivan 
^ays, ** on looking aioit the ship was apparently in a blaze of 
fire." In the case of the Snake (No, 3.) the electric fluid is 
said to have descended witli an instatitAueous eiiplo&ion of a 
vivid purple colour. 

When H.M. ship Norue was struck by lightning in 
Port Royal harbour, tba abctrte fluid was dlM«r?«d (to use 
Adnirai Bodtfs aspMiion) to ^'abiolntely stream down a 
condaotor attaahad to tha mast of H.1I* ship Warrior,'* 
dose by. 

6«flh phwiOMWua are basidaa remarkably dose to the ra- 
•dts of experiments : thns a heavy shock of elcotridQr, passed 
over a metallie wire in a partially exhausted raonftr, will ex* 
hibtS a transiently passing light on its surface. 

irS. The whizzing noise is quite in accordance with common 
electrical effects. It invariably occurs when a f^^ood con In c tor 
receives and disarms an explosion by a pomted extreniitv. 
Mr. Sturgeon, however, asserts that " no such noise is ever 
pruiiuccil by the Jiuid entering a metallic conductor." This 
is mere sophistry ; let any one attempt to discharge a highly 
charged battery by an acutely pointed conductor. A great 
part of the chatge will Immecfiatdy rush throogh or towards 
the point with a whutbg noise. Now the stratum of doud 
may be dtber positively or negativdy eledrifiedy and wliether 
the oneor the other* it is elear thai the rash of electrieity from 
aehagedsttifiieatownidapohitior from a point towards an 
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underchnrged surface (according to Franklin's hypothesis) 
will be always attended by a whizzing noise. 

,^0. The ]irotection which continuous conductors wniiUI af- 
ford it Well niid efficiently applied to sliips is, J think, apparent 
in all the preceding cases, and when we consider that the hkisIs 
are themselves conductors of electricity, and that l\v llieir 
position alone liiey determine the course of the discharge 
, into the body of the hull, it becomes the more requisite to affix 
to them ^ood conductors, which quickly disperse and reduce 
the electrical action to a state of quiescence. 

We have I think fair evidence of this in the trials hitherto 
made with the continuous fixed conductors applied to certain 
ships of the British navy. 

51 . These ships have been exposed more or less in all points 
of the world. Lielitning has not fallen upon them oftaicr 
than other vessels not so fitted ; and when if has done so no 
damage has arisen in any way, or has any destructive lateral 
effect, such as that contendetl for by Mr. Sturgeon, taken place. 
His comparison, therefore, of the effects of lightning on the 
Rodney with the prabahte efiects ** (as he terms it) on mv 
conductors, although he can find no instance of such pvAoMr 
eficUf is therefore purely hypothetical. If Mr. Sturgeon has 
no good authenticated fact to oppose to the mass of evidence 
I have adduced, of what avail is any hypothetical or loose 
opinion he may find il convenient to advance? 

52, Before concluding this communication, I cnniiot re- 
frni!! from pointing out llic apparent inconsistencies of his 
views on this point. Having described niy conductors as 
dangerous and objectionable in every possible way, as cal- 
culated to induce oblique flashes of lightning to strike the 
ship to the destruction of the sailors' lives, the sails, rigging, 
3tc. &c., he saysy sect. 991, on discovering that he coma not 
conveniently apply his own rods above tne top-mast heady 
** as however every chance qf danser to the men and cverif 
species of damage to the vessel ought strictly to be avoided, it 
still appears desirable to furnish the top-gallant rigging with 
conductors; and perhaps those which would give the least 
trouble to the men, would be strips of coj)pcr let into grwves 
ill the masts according to the plan juojjosed by Mr. Harris** 
Now, 1 iliink, it must be clear to any one, that if niy system 
be so objectionable as he would have it believed, on the 
l^rounds above stated, it mu&t be equally objectionable on tlie 
top-gallant masts ; the lives of the sailors are just as much 
exposed there as at anv other point, perhaps marc so. Mr. 
Sturgeon himself admits that two men were killed there in 
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th« ease of the Rodney. But by his admifBum aboTe-quoted, 
my method is not objectionable in the top-gallant mast, but 
ia on the contrary calculated to avoid every s|)eciea of dan- 
ger to the vessel and every chance of danger to the men 

if ao^ it must be equally efficient on the top-mast, lower mast, 
Src. 'f'fiis sort of traverse sailing, to use a nnnticnl phrase, is 
not a little amusing, and i% I beUeve^ quite uuprecedeiUed in 
any paper on science. 

53. In order that no mistake may arise in respect of what 
I have advanced relatin*^ to lateral explosions, 1 iiiay in con- 
clusion siiiiply stale, that I do not dca^' the expansive ioi ce of 
a dense electrical explosion, and its destructive e0bct on fm- 
perfed and mm<mdueionm 1 do not deny its eflect in cau- 
sing expansion in the surrounding air, which I rather choose 
to call with Frieatleyy the kteral force of electrical ex- 
plosions," than a UUmd expiation qf dectricity, I do not deny 
this in the abasooaof any regular system of conductors^ or that 
the discharge may divide in several directions, and in distri- 
buting itself over the hull, may cause dense sparks and other 
electrical appearances in various parts of the vessel, Init which 
viroukl not appear, it a perfect system of conduction^ such as 
I have proposed, were resorted to. 

I do however deny the probability of any lateral discharge 
of electric matter from conducting boiiie^ transmitting an 
accuiiiiiiaiion between oppositely charged surfaces, as as- 
sumed by several persons imperfectly acquainted with ordi- 
aaij electrical action, and lately by Mr* Sturgeon; and, I 
mamlain, that oaither urtificiaUj, nor in the course of nature, 
can any instance of such lateral eaqilosion be authenticated. 

I am, Gentlemen, yours, &c. 
Bynomb, Umxk 14, \m. W. Snow Haiibjs. 

P.S. It has been insisted on by Mr. Sturgeon, that a .shock 
ol liiilitniiiL^, descending a continuous conductor on the mast, 
woulii magnetize every chronometer in tiie cabin, &c. — (Me- 
moir, SecU 207.) 

This assumption is completely negatived by the cases above 
quoted. In fig. i, an awful discharge descenifed an iron chain, 
and yet no magnetic effect was observable on the neighbouring 
compasses, or on the chronometer in the cabin. It is only in the 
ahtence of continuous conductors we find such magnetic effects, 
and even then their occurrence is comparatively rare.^ Really, 
Mr. Sturgeon makes so many random assertions, it b almost 
impossible to attend to them all. 
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LXI. Remarks on the Compotmds derived from the Stearopten 
Oil of Peppermint* By Robert Kane, M,D^ M,KLjL* 

T N my paper on the constitution of the essential oUsi I no- 
^ liced that the composition of the oil of peppermint as 

tlctcniiincd by tny analyses approximated to that announced 
by Bianchet and Sell as belonging to the solid crystalline 
substance which often forms in it ; but at the same time I 
stated, that from the utter discordance of Blaiichet's results 
among themselves, no coniidciicc coulii be placed in them. 
The formula I adopted for oil of peppermint is Cgi HjqOs, 
and in order to establish a more direct comparison I will 
subjoin two of the analyses by which that formula was esta* 
blisned. 

Caibon. 78 f)6 77'81 C^, 128*9 78*1 ♦ 

Hydrogen.. 1232 12'11 ^O'O 12*12 

Oxygen 9*68 1<K» 0« 16*0 9*74 

100-00 100*00 16'l*9 100«00 

The two analyses of the stearopten made by Sell and 
Blanchety gave results which I will also subjoin. 

Experimeot. Theory. 

T. n. 

Carbon 79-63 77*27 C,o (31-40 77'28 

Hydrogen,. 11-25 12-96 H,f, 10 00 12-59 • 

Oxygen ... 9*12 9'77 O 8 oo 10-12 

79-10 10000 
The total discordance of these results, coupled with the fact, 
that on analysing the liquid oil of peppermint Bianchet and 
Sell had obtained numbers unite difierent from each other, 
and from the truth^ shows tnat for purposes of further re- 
search the investigations of Bianchet and Sell cannot be taken 
as a standard. 

Mr. Walter has recently published a memoir on the cry- 
stallized essence (stearopten) of peppermint, in which he 
lays tiown as the basis of his very iiittrestln«r researches 
Blanchet's formula, and supposes that its imth is confirmed 
by his own analyses. With this I shoiiUi not, iitnvcver, Jiave 
aii^rthing to do, had not Mr. Walter made the same obser- 
vation with me, of how close my formula for the liquid oil 
approached to Blanchet's for the stearopten, and insinuated 

* Communicated by tiie Author. 
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indeed pretty broadly, although without having analysed th« 
liquid oil, which he might &o readily have done, that the for- 
mula of Blanchet is the true one, and that mine, in as far as 
it differs tVoiii it, is likely to be incorrect. His words are : 
*' Si i'esMMice de menthe })oivr6e ii(juitle preseiiie !a nieme 
composition que Tessence de menthe concrete, ce qui est tres 
probable d'apres lea observations de M. Robert Kane, qui 
est conduit cependant, quoique le rapport num^rique qu*il a 
trouT^ soil le mdiDCy k adopter nne formule dtlKrent de celle 
que je viens de prtonter^ Ibrmule du reste qui n'est d^uite 
ni de la density de la vapeur^ ni d*aucune oombinaison dans 
lequelle Tessence de menthe rentrerait,'* &c. Now I purpose 
to show in this notice that Mr. Waiter has not done justice 
to his own analyses; for that by giving them their just inter- 
pretation, he would have found Bianchet's formula to be in- 
exact, and that the stearopten possesses the precise coustitu* 
tioii which I have assigned for the oil. 

In 111 organic analysis the sources of error Lict in opposite 
diiectiuii^) on the carbon and on tiie hydrogen ; theie cannot 
be nxire carbon obtained than was present in the substance ; 
and from the facility with which the hydrogen Is barned* 
there is never less water obtained. In practice^ a chemist 
very seldom succeeds in a complete combustion of the carbon ; 
and almost in all cases, from the hygrometric nature of his 
materials, he gets more water than he ought. Hence in de- 
ducing a formula from a set of analyses, the Iiigliest number 
obtained for the carbon, and the lowest number obtained for 
the hydrogen, are those most likely to be true, and are those 
on which tile formula should be constructed. There may be 
cases in wliich water may be lost, but it must arise either from 
an error in weighing or from bad management in the analysis. 
Setting out from wese principles I will proceed to discuss 
Mr. Waltet's numerical results. 

In six analyses of the solid oil, the highest value he ob* 
tained for the carbon was 77*689 and the mean of five results 
was 77*36. The lowest result for hydrogen was 12*52 and 
the mean of four was 12*66. Mr. Walter's analyses and 
theory are therefore, — 

Analysis. Analv^^ts. Theoiy. 

Carbon 77*68 77*36 77*27 

Hydrogen.. 12*52 12-66 12*62 

Oxygen.... 9*80 9*98 O lO'U 



100-00 100-00 10000 
It is also quite evident that the results of Mr. Walter's 
analyses cannot be ooDstdered as exceedingly correct, when 
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we find that out of his six analyses, the carbonic acid was 
lost in one, and the water in two iiisUuices; probably fi orii 
a too rapid and iniperiect process of combubiioii. Mr. Wal- 
ter's formula is therefore disproved by his own analyses, 
which give too much carbon and too little bydr^n ; bnt they 
agree very well with the formula I proposed^ ir we allow h» 
analyses to have been of the average degree of excellence. 

The specific gravity of the vapour of the stearopten fur- 
nishes no test wnereby to distinguish between the formulae; 
C>(, O3 gives 5* l-^ ^, and C,, U^^ O., gives 5*666. He ob- 
tained 5*62. It is true, the experimental density generally 
comes out a little higher than the calculated density ; but on 
the other hand, with these oils ilicre is almost universally a 
trace of decomposition by whicli lliu experimental density is 
thrown too low. Hence the density found agrees with one 
formula aa well as the other. 

Mr. Walter has given the name of menthene to a bjr- 
drocarbotty produced by the action of dry phosphoric acid 
on the stearopten. To this body he assigns tiie formula 
: his results are^ 

L 11. in. Theory. 

CarboO «..•.. 87-74. 87*53 87*59 87-18 
Hydrogen... 12-99 12*85 12*71 12*82 

100-73 100*38 100-30 JOOOO 

In every case Mr. Walter obtained an excess of weight 

which must be an error in tlie hydrogen, and in every case 
the hydrogen inrrcnscd by this error comes only to about 
etjual the hydrogen required by his formula. In every case 
also he obtained too much carbon, and this with a substance 
whose perfect combustion must evidently to every organic 
chemist be most diflicult. His formula cannot be true : but 
the formula C^i H,g gives the following numbers :~ 

Ca, = i2b'i) 87-76 
H,8 = 18-0 12-24 

146-9 100-00 
coinciding perfectly with the analyses. 

The density of t lie vapour of menthene Mr. ^^^1ltcr found 
to be 4*96. The tormuln H,, gives 4*835. The formula 

give«? 5-OlG. The ilifferencc here also is so very 
trifling that no stress can be laid upon it one way or the 
other. 

The results obtained by the ac tion of sulphuric acid, not 
being deiinite, du nut require notice, further than to mention 
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that the formula I announced for the suiphodadvlate of UnM^ 
was SO3 . Csi O + C ,^ H,s» not the fiinnttla which Mr. 
Walter attributes to nie. 

The substance obi iiued by Mr. Walter in acting on tlic 
Stearopten witli percliloride of pliosplionis is ul fi;i eat im|)(.)i't- 
auc€, as giving &onie evidence ol liow iar this esstniial oil acts 
as an alcohol. The action appears to be very conipUcated» 
and hence it it to the analysis alone that we can I<kA for 
explanation. Taking for the best analyeis the hishest car* 
boa and the lowest bydrogen^ the resnks of Mr. Walter 

Bcttmnalysit. Mean of ifai. 

Cvbon 70*55 70^01 
Hydrogen*.. 9*89 10'3I 

The chlorine, determined oncci gave S0*87« 
The rooet natural formula b to sappose that, as with alcohol 

or acetoric , water is eliminated and decomposed, a sort of mu- 
riatic a'tlier being produced. Hence the formula should be 
H|9 CI or Cgi CI. The numbers are, 
CL, 6926 ...... C„ 70-32 

iCg 10'72 H,g 10-3G 

Ci 20*02 CI IdSl 

lUU'UO 100-00 

Here with the C^^ of Blanchet, there is ugain too much 
carbon and too little hydroiren, but with the C,, as on my 

view, the nnnibcrs are inorr ne:triy ti no. But Air. Walter 

suggests that ilic 1) yiiro;,^^!! njay bti ib atoms in place of 19, 
and then the lorniuise give 

Cjp 69-6 C^, 70-71 

H|e 10-3 H,8 9-87 

CI 20-1 CI 19-1.2 

100-0 100-00 

Thus we Iiave still on Blanchet's basis too little carbon 
and too much hydrogen in ilic Ibrniuln. On the basis of C.>, 
the formula becomes iiiucli mure likely to be true; at all 
tvents the third formula suggested by' Mr. \V alter Hj^ CI 
is quite unnecessary. I conader this body to ht chloride of 
nentbene. 

Although we should find similar examples in the products 
formed by the action of chlorine on the stearopten, yet I will 

not enter into any discussion relating to them, as from the 
analytical results, and other circumstances, it is evident that 

the final and definite products of lliat action have not yet 

been obUuncd* la Mr. Walter's idnnulfiB there cone into 
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play hair equivalents of chlorine and hydrogen, indicatiiig 
tlmt th« sabstaoces analysed were not yet dcAnitelj diarao- 

terized. 

'I'he peculiar acid body lunned by Irealinjcr the essence with 
nitric acid has \X» origin in decompositions .^o coinplex, that, 
uiuil its atomic weiglii and composition shall have been ac- 
curately determined by the analysis of its salts, it is totally 
nieliis to discoes it in relation to the present queetioo. Bnt 
here i(8 in the other instances Mr. Waiter has got too much 
carbon, although not too little hydnmn, and the additional 
quantity of carbon given by my number makes his analytical 
molts more dsnsonant to the theory. I do not wish, how- 
ever, to be considered as applying the formula Cgj Hg^ to 
explain the origin of this body, which indeed I consider to 
belong to II totally different series. 

Ill concluding, 1 must observe that I admire very much the 

feneral exactness of Mr. Walter's results, and the skill which 
e has displayed in this aiul other difficult investigation:^ by 
wliich he has been so highly distinguished. In fact, it is 
oreatly to his credit that his analyses were so good, althou^ 
he had been be^iled by the anUioritjr of Blanchet to adopt 
an insecure basis at his outset; and I have written diese re- 
marks not to diminish Mr. Walter's merit» which none can 
be more ready to expre^ the highest sense of, but to show 
that all Mr. Walter's investigations have but confirmed mjr 
former results, and tlmt they have fully |vroved, that the li- 
quid aiul the solid oil of peppermint have the same constitu- 
tion, and that although I had not confirmed my formula by 
the accessory methods generally employetl, tlie coufii luii- 
tionji have come unconsciou&ly troiii Mr. Walter's hands, and 
that the formala C^j H^q O9 is that which alone accounts for 
his interesting resolis. 

LXII. On ike Qakanie Prcferties ^ the Ekmeniary Bo-* 
diet, aiul an the AmtdgamaHcn tfZine, By Alfrbd Smse» 

[la €ontinuatioo oTs fbnner po|Mr, |i. 316.] 

THE first nott-metailic element we have to eiamiiie is car* 
bon. 

"When a diamond is placed in contact with amalgamated 
sine in dilute sulphuric acid» no gas is given off^ nor copper 
prcdiHtated on it from a solution of that metal when touched 

by zinc. Gas coke, howcv* ! . recently ignited, or plumbago^ 

]:!nt( () uncl'T •similar ci^cun^^tances, copiouslv (evolves h^'dro- 
gen tioin ils suiiace. The same circumstamc is iit)[icL<! with 

the various ibrms of porous coke and boxwood ciiaio^ftl^ but 
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in these cases no gas is given off' ftsr some little time. Ol)- 
serving tliis, it was a matter of *?reat interest to know what 
became ot the gas for the first tew seconds, and it directly 
occurred that Uie first portions of gas were bound down ni a 
nascent state with the charcoal : this was pri)ved by placincfit 
in a solution of sulphate of copper, when the charcoal and the 
ooke bmme coated with a thin film of the metal. In the 
same way gold, silver, mercury, and lead were precipitated 
from their solations, and iodine set free from iodic acid. Pro- 
bably the other metals were also precipitated, but their co- 
lour! render a thin film difficult to be distinguished. When 
charcoal or the porous coke is made to form tlie electrodes of 
a battery, the piere forming the ka?hode or platinode is found 
to have similar properties; Imt the anode or zincode, how- 
ever, is found U) itossess nascent nxvg-en from its liberatino- 
chlorine from muriatic acid, though this is not (piite so satis- 
factory as the experiment with the hydrogen, i he gas coke 
and plumbago are found not to possess the property of re- 
tainin|[ tlie gases. Occasionally charcoal will be found to 
precipitate gold and silver from their solutions^ but in these 
cases copper, and those metals which have a greater affinity 
for oxygen, are not reduced. 

View the importance of these experiments, as they demon* 
stratively prove that which has hitherto been the prevailing 
theory, namely, that nnscent hydrogen precipitates the metals, 
and that the j)recipitation may take place when the galvanic 
current is broken ; for the coke will retain its hydrogen in 
some cases for forty-eight or more hours. Now in what state 
is the hydrogen when it has lhej)C pioperiies Is it in the 
form of minute bubbles adhering to the surface? This would 
appear to be a mystery* It b probably in a state analogous 
to solution ; for if a piece of smooth platinum be placed in 
contact with zinc till minute bubbles are coverinff its whole 
surfaoet and then the zinc be removed and a scuution of a 
inctal be poured upon the platinum in such a way that the 
bubbles are not disturbed, no precipitation takes place; and 
even spongy platinum or spongy palladium fails under the 
same circumstances to precipitate the metal. 

Much dithcultyarises in naming the two pules of a battery; 
they are called the positive end and the negative end, the 
anode and the kathode, the platniode atid/incode; now as 
each pole of a simple battery becomes reversed if the battery 
i»dottbled, it is better to name the two ends from the oxygen 
and hydro^n ; since we have shown that the galvanic cur- 
rent owes Its power of decomposing many substances entirely 
to these gsses. The names which are proposed are the ox- 
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ode, at which oxygen is evolved, aud the hydrogode, where the 
hydrogen is given off. 

The soft aiid spongy chaicoals, as those oi deal, possess the 
property of evolving gas very imperfectly. 

Various kinds ofoonlf snob as anthracite and canned were 
triedy bat none were (bund to evolve h} di ugen^ nor to have 
copper precipitated when the circuit was made in a sdlution of 
that metal. 

From the above experiments we see that batteries may be 
constructed of carbon in the place of pl nefrntive metal ; the 
hard coke or plumbago answering best, and the jjoi fjus coke 
and box-wood charcoal next*. These may be iisud as an 
ordinary hatterv with sulphuric acid, but of coiirsu i\ battery 
thus constructed possesses but little power. It, however, the 
hydrogen is removed upon Professor DanieU's principle, then 
will the power be increased, and a charcoal battery may be 
made of surprising energy. The hydrogen may be removed 
by metallic solutions which have a feeble afiinity for oxygen, 
and therefore those of gold, silver, platinum* or copper would 
answer best ; the latter being the only one in use from its 
cheapness. The highly oxygenated acids, such as nitric, 8cc., 
are more powerful than these, and are now considerably em- 
ployed, but disadvantages attend their action; for if the cur- 
rent is required to be continued for a long time, a lari^e (juan- 
tiiy ol ucid must be used, and the fumes arising honi the 
battery are injurious to the animal oeconomy : in addition* the 
strong acid is liable to be spilt over the fingers or cloches ; and 
lastly, it always transudes throuffh the porous tubes and acts 
upon the zinc^ even when amaigamated» to a considerable 
extent. 

It is perhaps worthy of notice, that the powers of the nitric 
acid battery are not to be attributed to the fluids alone, for no 
current is formed when platinum is used in both cells. Strong 
sulphuric acid produced scarcely any action, but tfie adiliiion 
of nitric acid rendered it powerful, for a time propoi l innate 
to tlie quantity of the latter acid used. I have tried other 
substances which have an affinity for hydrogen, such as chlo- 
rine^ iodine, chloride of lime, peroxide of iron (or a mixture 
of muriadc acid and peroxide of manganese)* so that nascent 
chlorine may be evolved during the action of the battery; but 
I find that even with the latter* the action, though powerful* 
is one quarter less than with strong nitric acid. 

A coke battery of two cells* with eight ounces of nitric 

* The coke ma) be cut with a saw into uny convenient shape, whilst 
plumbago, though softer, has the tingular property of wesrinc down erery 
tooth hem the instrument in a very fhort tune. 
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acid and dilate sulphuric acid| yields ten cubic inches of gas 
in five minutes. In this case about eight square inches and a 

half of carbon were exposed, and the communtcatio!! wns ef- 
lected by means of thick platinum wires. The same quantity 
of gas was driven off' from seven square inches of platinum. 
One piece of charcoal in a smgie ceil gave one fifth of a 
cubic inch in twenty niinutes. 

Experiments were performed on the properties of selenium, 
snlphur, phosphorus, bromine, iodine, and chlorine; but as 
nothing very worthy of notice was discovered, it will be un- 
necessary to dwell upon these substances. 

The rationale of amalgamating zinc would appear to be ex* 
actly the converse of platinizing platinum or the other metals^ 
for the one favours the adiiesion of the hydrogen and prevents 
thereby local action, the other favours the escape of the hy- 
drogen by its non-adhesion, and in that way increases the 
power. The reasons which I have to ofier in support of thejie 
opinions are the foUim ing: — 

When zinc dissolved in niercurv is placec! in dilute sul- 
phuric acid no action takes place, because the gas cannot be 
readily evolved, but coats the whole surface ; but that there 
is action really produced, is shown by adding nitrate of silver 
or sulphate of copper, when the nascent hydrogen is evidenced 
by the reduction of these metals; as soon as the whole of the 
metal is reduced it is again inactive, although the elements 
of a powerful current are there, namely, zinc, silver, acid ; 
now touch the mercurj'by a piece of silver or the negative me- 
tal, the ii;ns will be immeiliaiely evolved from it. This expla- 
nation appears to me to account for every ph.enonicnon con- 
nected with the remarkable pr()[)ei ties of amalgamated zinc, 
which is further confirmed by the attempt to make a galvanic 
battery with zinc and mercury, the junction being cifccted 
exterior to tlie acid solution, as here great adhesion will be 
seen to exist between the hydrogen and the mercury. 

In conclusion, I have to regret that the continuity of the 
paper has been necessarily interrupted, but it is a matter.of 
no great consequence^ as it treats of many rather dissimilar 
properties. 

Bank of Knglauii, Ajjrii 10, 18iU. 
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LXII I. On the Combinntions of Carbon icith Silicon and Iron, 
and other Metahy forming the different Species of Cast Iron, 
Steely and Malkabk Iron, lij^ i>r. C. ScuAf uaeutl, ^ 
Munich. 

[Gondnunl firom p. 904.] 

'T^O illustrate this and to arrive at a nearer insight into tlia 
^ chemical composition of iron, I shall aalect three speci- 
mens of riistirooy the one of £nglbb» the other two of French 

production. 

(A) Iron from \\\q. Maesteg iron-works near Neath in South 
Wales. Colour w iiiie, brilliant and granulated ; on the lowest 
part of the pig appearances of contraction ; yielding in some 
degree to the stroke of the hammer and being very diflicult to 
break into fragmeDts. I am |^iven to underitand it is pro- 
duced from clay iron-stone mixed with some Cornish ore^ 
probably red OKide of irotv and by means of a hot blast. Spe- 
cific gravity 7'407. 

(B) Iron firom Vienne in France, dcpartement de Tlsere; pro- 
duced from the ore of La Voulte, (that Is zed oxide of iron,) 
mixed with about one-third part of pea-iron«oie* Tlie coke 
is from Hive de Gier*. 

T!k hot blast was also used here. Colour gray, of great 
dai k uraphite-like brilliancy ; Uie ^( al^ nppenrance very much 
devLlui )ed; easy to be broken inlo ^iIikiII t t ailments, with aspe- 
cic:) tough resistance, making a similar duund as pure tin 
when beaten, but still difficult to reduce to very fine powder ; 
specific gravitv 6*898» 

(C) Iron of Crenzoty dcpartement de Saone et Loire; pro- 
duced fit>m bog iron ore^ with a mixture of b row n iron ore of 
varying qualities and some puddlinar slag. The cold blast was 
applied. The fracture dead grayish; earthy; hardness con* 
siderable ; britUc^ not yielding to the hammer; specific gra* 
▼itv 7-37S. 

rhirty-five grains of iron, (A) and (B), in small fragments 
were put into two retorts, and four ounces of hydrochloric acid 
of 1'16 specific gravity poured over them ; the beak of the re- 
tort was connected with two Woulfe's bottles, filled with a 
neutral solution of acetate of lead, temperature 62^ Fahr. 

* The coke ftem Rive de Gier contains, aflcewBiig to Boitliier, 

75.00 Carbon. 
03-60 Volatile matter. 
91*50 Aibei (aluorios). 

100 000 

containing likewise 0*300 p^rntes. As soon as thik tuei i» changed for 
jmrvr coke, gray imesaiiet be iNrodnscd diere. 
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The acid had scarcely been poured over the iron (B), when 
the whole powdered iron rose, under a rather violent evolution 
of gas, to the top of the acid. A short time after the acid be- 
came of a ydlow colour, and the caseoid or cheese-like whitish 
foam increased each moment on the top of the acid during 
the evolution of hydrogen, and filling almost the whole of the 
upper part of the retort. 

Tn Woulfe*8 bottles distinct c;litterin<r scn!cs of sulphuret of 
lead were rapidly deposited; the n-ns csertjiini; out of the last 
bottle had, in an extremely sliglit degree, in smell the character 
oi hydrogen developed by means of aci(]s irom iron, but no 
longer aftected a soluLiun ol nitrate or accLatc of' lead. The 
liquid was found next day opake, of a ligia gray colour, 
soil developing gas* 

The evolution from Iron (A) had ceased long before. The 
iron (A) or white Welsh iron formed likewise a caseoid or 
cheese-like substance on the top of the acid, but its ct^lour 
was dark gray approaching Co black, and the liquid below was 
also of an opake dark gray. 

The sulphuret of lead formed in the Woulfe*s bottle was 
not scaly, like that from the gray iron, but resembling a dark- 
brown greasy vi-citl nia^^, making the whole liquid turbid, and 
only setding two days alterwaras. 1 he mass in the retort 
was then dark gra^, with a somewhat lighter sediment. 

The residuum m the retort of the gray French iron (B) 
cast upon a filter, washed without interruption with boiling 
hot distilled water, was of a soap-like greasy form, and had 
after being dried a grayish-white flowery appearance. As 
often as I poured fresh water on the filter, the already col« 
lapsed mass began to swell like a sponge, and almost filled the 
whole filter. This residniim, dried nt a temperature of 212^ 
Fahr., weighed 5*53 grains, and had an extremely light ap- 
pearance resembling silica, chemically separated from mi- 
nerals. 

On 21 grains of powder were poured in a test-tube 5 
drachms of concentrated caustic ammonia, the test-tube shut 
with a perforated cork, which contained as usual an S-llk« 
bent glass tube; a violent evolution of cas in extremely 
minute bubbles took places which ceased only twenty-four 
hours aflerwards. The powder lay on the bottom of toe test 
tube in lenticular aggregates of a gray colour; the evolved 
gas collected over water measured at 65° Fahr. and 29*35 
height of bnroTJieter, 0*605 cubic inches, corrected for water 
0-586 cubic inches. It was, except small traces of oxyfjen 
and azote from the remaining air in the test tube^ pure ityUt o* 
gen. 

2 F 2 
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Hie contents of the test glass poared on a filter were care- 
folly washed wilhammoniaiittidthe liquidafierwardsevaporated 
to dryness in a platinum crodble. Thia dry remainder was 
perfectly white; only in the corner of the crucible ^.cjme brown 
matter was collected^ in all probability a species of humioe. 
This dry fesidnam weighed 0*3 grainsi was afler ignition 
perfectly white, and had lost 0*08 grains. It dissolved in 
hydrochloric ncid, left sllicn behind, which I was unable to 
weigh, and carbonate of ammoaia threw down alumina mixed 
with some silica. 

In consequence of this, 5*53 grains would have contained 
aluminum equal to 0'298793 ^rams. To account for 0*0188 
hydrogen we ought to have 0*4-4-0893 aluminum. By actual 
analysis I found 0'352583 ; but it might very well have hap- 
pened that, in separatmg alumina from phosphoric acid, a 
part remained combined widi the add. 

The gray resldanm which had been treated with ammonia^ 
dried and weighed, was 1 *8S, and had therefore lost 0*28 grains* 
that is to say 0*08 grains less than the weight of alomtna ob- 
tained* This extraordinary evolution of hydrogen takes 
place with all residaams of hot and coid-blast gray iron, bat 
with the former more than the latter; and perfecdy white iron 
never evolves any n^as whatever ; yet wliite iron which is 
nenrly approachiog to gray iron gives always traces of hy- 
drogen. 

Wliat causes this extraordinary decomposition of water? 
We know no uliier chemical body which, left as a residuum 
after being treated with acids, possesses the powci ot decom- 
posing water by the presence of ammonia, except aluminum ; 
and as the ammonia nad really dissolved alumina, which only 
occurs when it comes in contact with the metallic base of alu- 
mina, we may safely condnde^ that the extraordinary evolu- 
tion of hydrogen was here produced by the presence of me- 
tallic aluminum. 

• isolation of causdc potash ley likewise decomposes the gray 
residuums, but only at a hu[her degree of temperature, and 
then a species of slight explosion takes place and the fluid is 

thrown with some violence out of the crucible. 

Viewed through a microscope, the residuum of this gray cast 
iron appears to be composed of white gelatinous transparent 
nodules, svhich generally surround a centre, consisting of sonic 
dull black spots and of a scale, sometimes .sliining like gi aphite, 
but ol a more silvery whiteness. The mixture of these scales 
with the white notlules gives tl»e powder, to tLe naked eye, the 
appearance of having a grayish colour ; these scales remain 
after being treated wuh ammonia^ though not at all apparently 
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diminisbed) having only lost tomewbat of their brightoeBsi 

the black spots sometimes disappear entirely. 

1*72 j^rains of the remaining gray powder, separated from 
ihe liltcrnnd irrnitcf), lost 0*203, and Seemed in Rppenrance to 
have undi i gone no ailejation exc^ having become a little 
more bulky and flocky. 

Hydrochloric acid extracted oxide of iron, 0 036. 

1*32 grains of this residuum deprived of oxide of iron was 
mbced wicb five times itt weight or carbonate of soda and ig* 
ailed : after cooling, the lid M the crucible was found covered 
with green drops dT manganate of sodat and on the bottom 
was the fluxed mass crystalUzed, perfectly white on the boi^ 
ders, but having in the middle a dirty yellowish mt. 

I separated in the common way 

Silica • 0*963 

Iron and Manganese 0 076 

Loss (of Carbon) ..0-281 

l'd20 

The same result was obtained, when, instead of melting the 
remaining gray powder with alkali, it was boiled in solution of 

caustic ]>ntns!i and strongly concentrated ley ; the silicon is 
tnken up l)y ilie potash and iron, and manganese, mixed with 
stjuic: carbonaceous matter, left in blackish-green bulky 
tiocks oil the filter, oxiilizing very rapidly. 

35 grains of the same metal analysed in the common way 
gave 

SUicon 1*702530 a 4*86430 

Aluminum O'SSSBSS s 1*00738 

Manganese 0-962980 s 0*76130 

Phosphorus . . • • 0*189000 s 0*64000 

Sulphur 0-062110 = 0-17740 

Carbon i-]snnoo= 3-38000 

Iron , . . 31-152(507 = 89-007tO 

Loss . , 00-09r/210 = 0-27222 

35-000000 100-00000 
The white transparent nodules are undoubtedly silica; 
before the blow-pipe they melt with soda into a transparent 
globule, separating at the same time Vihck scales of graphite; 
melted with microcosmic «nlt, a skeleton of silica is separated 
as usual. After subtrac ting silica, nothing remains but a 
small quantity of iron :iiul nianganese, and the loss as already 
biiown IS — 0"2bi, wiucli aiiiuiiiiis lor 35 grains of iron to 
1-17 ; the actual quantity of carbon was, as we se^ 1*183, and 
tfaerdfore we may safely assume the loss to be carbon. The ffra* 
phittt 8calee» freed by meant of sdution of caustic soda from 
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the ^latinous silica, and analysed like graphite, as stated in 
the beginning of this treatise^ proved to be of the same com- 
position as the irraphite B. 

I must here observe, that in tragments broken from the 
outside of the same pig-metal traces only of sulphur could be 
discovered ; that the malleable iron })roduced from this ac- 
cording to my puddling process was extremely soft, and had 
the peculiar property of welding so easily, that tin-plates rolled 
IrcHn it fldbma ap finnly together by beating tbtm a Iktle 
too miicb» thai it bMMM impoanble to sepante dm; but 
ihrngreat qwmtUjf of siliean c wntwiwd in tint imi mm » 
irandy dcttmcdva to the bottom mod tUm of the pMUI^f 
fnnieoe. 

Let us now return to the randtuuD of iron (B.); white 
Welsh iron. This residuum was found to weigh 6*77 gnin% 

and had a dark blown colour and a very strong unpleasant 
smell, peculiar to hydrogen obtained in this manner from cast 
iron. It was powerfully attracted by the magnety and traces 
only of aluminum could be found. 

3*13 grains of the dried residuum, heated cautiously in a 
weighedplatinum crucible, began to glow around the periphery 
before the crucible became red4iot, and the ignition spread 
Drom thenoe teiy sbwly towards the centre, ^e platinum 
cnacible waa now xemoYed firom the fire^ covered with lis lid 
and eooled near concentrated sulphuric add under a bell 
glass. Its weight had increased 0 08 grains, and Ita colour 
changed irom brown to black. On the crudble bdng again 
placed over the lamp and kept in a red heat for ten minutes, 
its black colour changed Into a ditty light red, and its weight 

increased etjual to 0-27 

On a third repetition of this ignition • • • . 0*02 
On a ft)iirth .. 0*05 
On a fifth 0 00 



0-42 

The whole increase of 6*77 grains would tlierefore be 
0*9064. 

It was still aa powerfully afteted by the magnet as pra- 
imosIt to ignition. A part of this powder, 8*53 grains^ heated 
with hydrochloric add of 1*16 ^ gr., in the same cmdble, 
a grayish powder remained, which preaented a distinct in* 
terspersion of dull black with white spots, and we^;lied 0*290; 
afler ignition it had gained 0*028 and beoune petftctly 
white. 

It consisted entirely of silica, for which we reckon 0*1528 
silicon* As the black spoU disappeared and it gained 0*028 
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grains in weight during ignition, we may conclude, that the 
black spots consisted of metallic silicOD} which had becoma 
oxidized into silica during the process. 

The sohition had a greenish-yellow appearance, and nfter 
being coiicciurated by evaporation and diluted with dislilied 
water uas mixed with carbonate of magnesia. The precipi- 
tate dissolved in hydrochloric acid and again precipitated 
wilh sacctoate of ammcmia, yielded 2*50 oxide of iron = 
1'7SS5 metallic iron ; no mangaDene could be discovered. 

The filtered li<^oid now hekl in aolutton the protoaude of 
iron. Digested with nitric acid, precipitated with ammonia, 
ignited, dissolved again and freed from magnesia. It yielded 
oxide of iron = riOO =: 0*8901 metallic iron. This method 
of separating the protoxide of iron from the peroxide is not 
sufliiciendy accurate, and 1 mention this part of the process 
only to show that the iron, even after ignition, remauicd in 
the state ot protoxide mixed wIlIi poroxide. Having tried 
to ascertain the aiiiuuut of protoxide and peroxide of iron in 
these solutions us accurately as possible, by converting the 
peroxide of icon by means of solution of sulphuretted hydro- 
gen into protoxide, and ascertuning the quantitjr of separated 
sulphur &c in one part of the solution, and mixing another 
pan with liquid chloride of gold and sodium, — from the quan- 
tity of the reduced gold the quantity of protoxide of iron was 
very easily calculated, and I obtained for the greatest part 

proportions which approached to a rather strange formula, 

• 

3F-t-2F. The carbon taken away by the escaping hydrogen is 
of far leu amount than is generally asserted ; and each atom 
of carbon volatilized in this way is at the same time replaced 
by oxygen or sometimes hydrogen. 

The remaining part of the brown powder, = 8*39, was like- 
wise put into a platinum crucible, heated like the first over 
a spirit lamp, till it began to glow on the periphery, and then 
quickly removed from the fire. The first smooth surface of 
tne powder on the bottom tlie crucible was now found to 
be intersected by small cracks, through which might be seen 
the interior of the powder in ignition for some time; its colour 
utter coiiluig becumc darker, but il liud iieilher gained nor 
lost in weignt. 

Hydrochloric acid of 1*16 sp. gr. did not visibly attack 
this powder; but heated in a sand bath, the action of"^ the acid 
became at once very lively; a great quandty of hydrogen 
smelling slightly in the well-known way was disengaged, and 
a velvety black residuum of a rather oily appearance was 
left. 
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Its weight was found to be 0*75 g»iii% and it had tbari^m 
lost in tlie acid 2 64 grains. 

During ignition it emitted very dense fumes — bad cliaiigcd 
its dark black colour into a dirty reddish-white; it had lost 
only t) 051 grains, notwithstanding the great apparent evo- 
lution of gases, and we must therefore conclude, that the 
black residuum contained silicon, taking in exchange for 
carbonaceous matter oxygen from the atmosphere. 

By means, of hydrochloric acid and succinate of anunonia 
iron was tepainited wtth a tiaoe of tDangasese at 0*32 grains 
s 0*SS10 grains of OMlaUie tron» and silica s 0*882 grains 
= 0*1598 grsins of silicon. 
The oily residnam contained therefore^ in 0*6989 grainsi 
Iron « • • • 0*^19 or peroxide of iron • • • • 0*8800 

Silicon • • . 0*1595 or silica • • 0*8880 

0*8814 0*65S0 
The hydrochloric solutton, from which the white powder just 
mentioned remained, was colourless as water ; after oxidation 
with nitric acid, oxide of iron was separated equal to S'l% 
viz.: iron i2* 163408, and oxygen 0*956592; oxide of iron se- 
parated from the silica s 0*82 grains. The oxide of iron con- 
tained in the liquid amounted therefore, as we see, to 8*12 gr.; 
on the contrary, what the iron lost by this treatment with 
acids amounted only to 2*64; the iron therefore could be 
neither in the state ol protoxide nor peroxide in the remain- 
der. 

Now the first residuum before ignition weighed 8*1 8f 
after ignition 3*55 ; and contained therefore 

Silica 0-265 

Silicon 0-025 

'0-290 

Lose of protoxide of iron . 3-260 

3*550 grains, 

which is the weight of the residuum as before mentioned. 

If we now consicle^r \])o mronnt of iron and oxygen in the 
first separation of protoxide aiul ])eroxide ofiron, we find 

Peroxide : 

Iron .... 1*7335 Oxygen .... 0*766500 

Protoxide : 

Iron .... 0*5869 Oxygen .... 0 1 73050 
Total amount 2-320*^ lotai amomit 0-939550 

Silicon 0*127306 

Do. mixed with the residuum . 0 025000 

0-152806 
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Oxygen 0 1 87694 

Total amount of oxygen before theSnUigidtkm. 1 077244 ^ 
Oxygen after 2nd ignition 0*088000 

Therefore we have 

Metallic iron 2*320iOO 

Silicon 0-152.S06 

2472706 



Oxygen 1*077244 
Increase during ignition . 0*420000 
Difierence • 0*657S44 



Powder before ignition weighed asl^ .^.w^/wv 

already stated . . . 

Amount of bases . . • • g»473706 

0*657294 

The difference is to be ascribed to the volatilized carbon, 
hj'drogen and azote. 

If we compare this difference with the difference between 
the real increase of the powder during ignition^ and the cal«' 
cnlated oxygen^ we find the 

Former difference . • 0*657294 
Last difierence • • . 0 657244 

0*000050 grains. 

This difierence is so extremely small that we may con- 
sider the ox v^en only calculated as the real tjuantitv taken up, 
instead of 0*65729 carbon, hydrogen and azote. The increase 
could therefore only be 0*49000^ as the renuining quantity 
of the absorbed oxygen =0*657244» was antnierbahmced by 
the 0*657294 burnt carbon, hydrogen and azote. 

The black residuum of the second part of the powder, which 
as already stated weighed 3*59 grains, was equal to 0*75; the 
loss therefore in 3*39 grains was = 2*64» consisting of iron 
and oxide of iron. 

If we calculate from the hjpotlietically-assuined quantity of 
carbcuij liycliogeii and azote in the first part ol' the powder, 
the same relative quant ity for the securul part of the powder, 
we ought ihen to have lor 'J'yj giauib oi residuum 0"71188 
grains of carbon, hydrogen and azote. 

If we therefore assume the bjack residuum to contain only 
silicon, and iron in its oxidized statet we obtain as already 
mentioned, 

Silicon . • • • 0*1595 
Oxide of iron . . 0*3200 

0*4795 
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This difference between the original weight of the Mumider 
as 0*7600^ whioh aBBOuoli to 0*S705» we mej OMuiiler m 

carbon. 

Now we calculated the anioiint of carbon to be O'TllSS, 
bat as wc (ind only 0'2705 grains of carbon, llic dilierence 
= 0*71 18 — 0*2705 = 0-+4 138 rurhuiu uiuhi luivc been coun- 
terbalanced by an equal (jiKintiry of oxygen to produce arii/ian 
J'crroso-JerricuHi m tiie luiiuwiiig way 

Oxygen 0*44138 

Iron M2268 

Or alum feiroso-ferricum • • 1*26406 
EemainiDg iron . • • « . 1 *040728. 

The 2^604788 

will bether^ore the calculated loess the actual loss on the 
contrary was found as before mentioned 3si2*64; the difference 
between experiment and calculation amoonts ooljr toO'0$5S12, 

[To be continued.] 



LXIV.— On the Heai ^ Vapoun and on AstrmomUid Be^ 
fraetUm. John William Lubboqk» Bi^^ TWtfi. R& 
RRA^. and RUS^ Fiee^CkaneOlor ^ the Unioemiy of 

PMPACS. 

THE connexion between the temperature and the pressnre 
(or elasticity) of elastic vapours is a desideratum in Phy- 
sics. A Icnowledge of it is indispensable to an exact theon of 
the Stenm Engine^ to an exact tneory of Astronomical Retirao- 
tionS} and to an accurate solution of other important pix^ 
blems. The want of it has hitherto been supplied by mi* 
satisfactory approximations; but these questions cannot be 
completely investigated without a more careful attention to 
the premises than has hitherto been possible, owing to a want 
of the proper key to these researches, which consists in a know- 
ledge of the mathematical law whicii connects the tempera- 
ture anil the jiiessure in elastic fluids, and which is required 
in addiuon to the law of MarioUe and Gay Lussac to com- 
plete their theory. 

If V represent the absolute beat or adorie^ i the latent 
heat) c the sensMe heat or that which afleets the th e rmomet e r, 

* Rapriated, by the obliging parmlHloii of lb* tothor, flom tilt original bm^ 
molrlaliljpiiblMlMdp Loaioa. 1840. 8f0. 
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If $ be the temperature as indicated hy a thermometer, there ran 
be little doubt that y is capable ot beint^ expressed ia a series 
proceeding according to positive powers ot ^, so that 

afbfCf &c., have a certain sigoiBcation in Taylor's theorem, but 
widiout being able to determine their values, d priorit or to obtain 
any relations between them, thoy may be treated as constants. If 
the latent heat be constant, which is probable, and if the efTecL 
indicated by the thermometer is proportional to the sensible heat* 

c — bBf y^a + b^. 

It mustf however, be left to experiment to decide how many 
terms am to be taken into account for any given substance^ within 
any given range of the ihermometric scale, and in order to satisfy 
the resti]t«? of observation ^vithin any iz;iven quantity. The other 
suppositions upon whicii my theory Is founded are those of Laplace, 
viz. that the quantity called y by M. Poisson is constant lor the 
same substance at diiierent temperatures, and that the equation 

is the solution of a certain difl'erential equation* See Mec* 
vol. v. p. 108. Poisson, iV/r'r., vol. ii. p. 64-0. 

The theorems which are given by M. Poisson in the second vo- 
lume of the Mccaniquey and wiiicli are also to be found in the 
works of Pouillel and Navier, rest upon the condition that the ab- 
solute heat is constant, while the sensible heat vanes- This is the 
most restricted hypothesis which can be made upon the nature of 
hmt, and it does not satisfy the observations. In this Treatise I 
liave gone a step further, by supposing the absolute heat to vary 
^ith the sensible heat, or to be represented \sy an expression 
of the form a + 6 9> (or what is the same^ » C + Z> (1 + a d). 
See p. 2.) d being the temperature reckoned from some fixed pointy 
a and b constants. This includes implicitly the other hypothesis^ 
which if true, in determining a and b by means of observations, 
the constant b should comu out zero. I'his in the case of steam 
is certainly not the case, nor is it so in any case which I have 
examined. 

The experiments of Dulong and Arago upoii steam at high 
temperatures, those of Southern and Dalton, and those of Dr. Ure, 
furnish data by which the supposition I have adopted and the fof^ 
mul» which flow from k can be scrutinized ; and if the expres- 
sions which result from it fail to represent those observations, we 
have at least arrived at this conclusion, that the condition of the 
invariability of the quantify called y by M. Poisson does not ob- 
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tain in nature, or that the absolute lieat cannot be represented by 
so i^imple a function of tiie temperature or sensible heat. Recourse 
must then be had to more complicated expressions. If, on the 
contrary, my formula represents the observations of the temper- 
ature of vapours with accuracy, its origin in a simple theoretical 
notion of the quantity of absolute heat, and its simplicity, are ereat 
additionftl reeommendations in its favour. The tbrmula which I 
have obtained does^ I believe, represent the observations b^r 
dian any hitherto devised; at low temperatures and pressures it 
deviates a little, but a very sligbt error in the observed pressures 
may account for this discrepancy. Dalton sa^s that it is next to 
impossible to free any liquid entirely from air; of course if any 
air enter, it unites its force to that of the vapour. Moreover, 
when the pressures are small, the variation of temperature becomes 
great for a small variation of pressure; so that the agreement of 
theory with observation may be considered as complete, even if 
the absolute amount of the error of tiie calculated temperature is 
then more considerable. 

My formula has also been compared with the observations of Dr* 
Ure, on the vapour of alcohol, Kther, petroleum, and oil of tur« 
pentine, recorded in the Philosophical Transactions for ISIS'*'. 

I think that the comparisons contained in this treatise afford suf" 
fident evidence that my formula is established, and that the devia- 
tions of the calculated results from those of observation are within 
the limits of the errors of the latter ; but this point I leave to be 
decided by those more conversant with the nature of the experi- 
ments. It would not militate u<,rainst my views if it were found ne- 
cessary to take in an additional term and to make 

r=C+Z>(l + «fi) +£(l + ««)« + &c. 

but the expressions for the temperature and densify in ierms of the 
pressure would not be quite so simple, although more pliable. 

As the same principles must be applicable to the oonstitution of 
the atmosphere^ I have examined the observations made by M* 
Gay Lussac in his aeronautic ascent from Paris, and which are 
pubhshed by M. Biot in the Conv. dcs Temps. My calculated 
temperatures may be considered as identical with the temperatures 
regular isces of M. Biot, which are given by that distinguished 
philosopher as representing the condition of the atmosphere di- 
vested of the irregularities and errors incidental to observations 
made under circumstances so difficult and so disadvantageous. 
But the altitude to which man can ascend Is so limited, that observa- 
tions of the temperature made in aeronautic ascents will never fur- 

[* Dr. Ure's paper containing these ulMUiaUaiM WU itprinttd ia PluL Migi, Wmt^ 
StfiCi, voL lui. p. 38, €t MTj^.— £oiT.] 
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niah so complete a test of the accaracy of anv formula professing to 
give the relation between the pressure and the temperature In ela- 
stic fluids, as observations of the temperature of the vapour of water 
and other substances^ which can be carried through a greater range 
of the therniometric scale, and above all through the low pressures 
where the character of the curve is more decided. 

M. Blot has dwelt with reason upon the importance of intro- 
ducinjT into the theory of Astronomical RelVactions a greater con- 
formity with the conditions of the problem than has hitherto been 
attempted ; and he luis also noticed the imperfection in principle 
of the present mode of culcuktrng iicighbi by observations of the 
birometer, a method which' must of course fale abandoned (at least 
in any accurate exposition of this theory) whenever the discovery 
of the true connexion between the temperature and the pressure of 
the higher regions of the atmosphere renders it possible to adopt 
s moi*e rigorous mode of eliminating the density from the diffier- 
ential equation which connects d p and d x. The correct expres- 
sion which connects the dilTercnce of altitude with tlie pressures at 
the upper and lower stations oujrlu to he the foundation of the 
theory of Refractions. Considernifr on tin: one hand liie notions 
upon which my formula is ultimately founded, its identity with 
the results offered by the observations of steam ami olhei vapours, 
and moreover the agreement afforded by the direct comparison 
with the observations of M. Gav Lussac, there can be no doubt 
that it represents the density of the atmosphere at difierent altitudes 
with greater fidelity than anv hypothesis which has up to the 
present time been made the basis of the theory of Astronomical 
Refractions. 

I think that my table of mean refractions represents the observed 
quantities within tlie limits of their probable errors, and I have 
obtained this result without any arbitrary alterations of the con- 
stants. 

In the higher regions of the atmosphere the cold is intense*, 
depriving the air of its elasticity and converting it into a liquid 
or solicT substance. My formula of course la only applicable 
as long as the air continues in the state of an elastic vapour ; 
and if at any altitude it ceases to maintain that condition^ the 
density must be represented by a discontinuous function. But the 
density of this frozen air must be extremely small, and it probably 
has little effect upon the amount of Refraction. 

I am indebted to Mr. niissell for his kind assistance in the nu- 
merical calculations winch accompany this treatise. 

29* Eaton Place, March 2, 1840. 

* Sm PoissODi Throne tk la Ciiakur, p. 4fi0. 
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GCNCRAL EXPRESSIONS 

Let V be the quuniity of al)«;olute heat^ considered as a ItinctioQ 
oi the sensible heat or temperature 

dr d rd g dV do 
d1 — df d* '^dp dT 

j> = it g (1 + « fl). 

f being the density, p the pressure^ k and m constftiits» 

dfl I + «d 

d _ _ g j> 
ffe ""1 +«• 

if 

dF «g _ dV ap 
""dg (1 + «0) '^'^ dp {\ + ««) 

dr dr ^ 

^ d f ' dp 

If y l)e considered as n constanl quantity the integral of this 
iwrtiui diilereiiliui et^uatiou is 

^ = funct^ V*. 

'l ite .simplest form whicii can be asitigned to tliis function of Fis 
such that I 

i 

A and B being constants. 

* So far the rcBi^oning is ulciitli-al with that contained in the Mi^rarriq^ic of M. PoitH^ 
but M. PoisBon proceeds further upon the liouied stipfositioa oi y being co ns tsa t * 



and on Astronumicui Refracliom, 



Laplace arrived at this equation {Mec. C6L vol* V. p. 128.)* 
See Poisson, Annaks deChimieet de Physique, torn, xxiii. p. 342*; 

Micaniqucy vol. ii. p. 648 ; NsTier, Lemons donnies d fJScole daPonU 

U C hau si ie s, torn* iL 

1 1 



i 



F' = ^ + i54-'' 



k and « beinff constsnts. 

I wUl now mtrodoce the additional conditum that thehaat hpnh 
porHmud to the temperatofe^ in which case 

F = C + I>(1 

C and D being constants. These eqnatioDt Include implicitljr the 
hypothetii attrihuled to Watt and also that of Southern, respect- 
hSg the faponr of water ; on tbeformer DsOu Hmee 

I 



V y 



I - 



D 

kB 



If -^-j^' s £ and if I oomspond to the boiling point,t = IWP 

in Fahrenheit's scale, if the pressure be measured in atniosph 
j> s but generally 



1- 



[1] 



[* A translation of M. Fot^n's u.cmou iiere referred to v^iil be found ia Fbii. Mag.* 

t This equation must not be confov iidcd w ith another equation wlilch may be deduced 
from it by making E = i), and wtiidi is not reconcileabie witb pbcnomena, as was 
long timm utA u ibf M. Pti— liatfct Oitflf ttawa. An cquatkm of this kind is given 
h7 M. taOItt in tbt ftnn 
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as p^kfl{l^mV) 



if 



1 — JBp ^ 



if log (i - i/g) = -tt r-^csl-^g 

c being the nttmber of which the hyperbolic logarithm equals imitj 

1 j_ 

if ta 1 — o) 

I 1 



1 



Since C + Z>(l+«d)sil-f^^'^* 



it^dtdgi PmltMCkamuSm vol. fi. pi.310b in thtlbcm 
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If 

aD{e^^ e) = Bpy r'-^ K, 

supposing the heat and the volume to vary, the pressure remaming 

constant. 

According to Dulong the ibUowing laws obtain, which however, 
ire not admitted by Dr. Apjohn (see L. & £. Phil. Mag. 1S3», 
foLxiii. p. 859): 

Des volumes 6gajxx de tons lesfluides ^laatiques pris a itoe 
nlme temp^ratore et sous one m^me pression, ^tant oomprim^ 
oa dilates subitement d'une m£me fraction de leur volume, (l<%a* 
gent on absorbent la m^me quantite absolue de chaleur. S*** Let 
variations de temp6rature qui en resultant sont en raison inverse 
de leur chaleur specifique a volume constaut*"^^^ de l*In$titutf 
torn. X. p. 188. 

According to the first of these laws tlie quantity B must be the 
same for different vapours; of the second 1 am uuabie to ofi'er any 
satisfactory interpretation. 

In what follows I propose to ascertain how far the equations fl] 
and [ 'J] satisfy the best observations on record. The general rela- 
tion gives 

I + « e" = (1 + « 9) y 

Eliminating E between this •quatkm aud that which oonuects 
f and 11^9 

If \z:x=.fi 
y 



From tliis equation, knowing 9", 6', 0, p", p% p i ^ may be deter- 
mined for any gas or vapour. Knowing E may be found from 
the equation 

^- r^Ta ' 

[To be continued.] 

PkU. Mag. & d. Vol. 16. No. 104. Afay 1840. 2 G 
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LXV. Memoir on the Law of Substitutiom^ and ihe Theoti/ 
qJ Chemical Typeu ii^ M. Dumas. 

[Contioued from p. 389.] 

Chemical Types, 
/CONSIDERED In itself, the Inw of substitutions ha*; a 
])ractical importance (juite sullk iciit to justify the ucct-ssity 
of dijjtinguishinp- it from the nioie general actions uf che- 
mistry. But this clistiiiction becoaics necessary in quite 
another way, when tu this kind of instinct wiiich led us to 
view it at first as a law of nature, succeeds the nearly perfect 
certaiDty that it is cotinected with one of the most mysterious 
and most important phenomena of the science. 

I mean the existence of chemical types, capable^ without 
being destroyed, of undergoing the most singular transforma- 
tionsy and of which all the elements might successiveiy disap- 
pear, others being substituted for them. I mean those organic 
types, tlie admission of which into the domain of organic che- 
mistry seemed to me to be hencetorward inevitable, in con- 
sequence of the best-characterized experiments which had 
been suggested by the law of substitutions. 

Thus it bein^ possible to convert acetic acid into chloracetic 
acid by the acuon of chlorine without its at all losing its ca- 
paci^ for saturation, I have considered the chloracetic acid 
which results from it as acetic add in which chlorine had 
been substituted for hydrogen : these two bodies have appeared 
to roe to belong to one type, to one kind. 

Now, when I established, five years ago, the analogy of 
iodoform, of bromoform, of chloroform, and of anhydrous 
formic acid, when I :idded that electro-negative bodies, such 
as sulphur, phosphorus, and arsenic, might be substituted 
for iodine, chlorine, atid oxyijen, no one raised the least dif- 
iicuity ; liiis series uf turniula,' entered the science without ob- 
stacle. 

It is then because the development of the experiment has 
led us to look upon chlorine and hydrogen as susceptible of 
taldng the place of each other in a compound, that certain 
convictions revolt. We are then led to examine what we 
should understand by an organic typey and to discuss this point: 
for example, it being possible for iodine, bromine, chlorine, 
and oxyjren to take each other's place in a compound w ithout 
destroying its fype, can this power {role') be denied lo hydro- 
gen? In odier terms, iodoform, bromotorm, cidorotorm, 
oxiform, being admitted as sj)ecies of the same genus, can 
we reluse this churucter to hydroiorni, that is to say, to the 
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cas of tlie acetates, because it omitains hydrogen, and no 
longer an electro-negative body ? 

Before mentioning my opinion, which is however well 

known, it is necessary that the three points which make the 
diificulQr, and which are the definition of chemical types, 
should be well understood, that of the fundamental propertieSf 
and the* confounding of the function {rolr) which hydrogen 
and clilorine pcrfl>rm among chemical bodies. Prepossessed, 
for a long wliile with the necessity of establishing a good 
natural ciassilication of organic bodie.s, I have sought for its 
basis in their chici t liaracters. The discovery of cliloracetic 
acid gave me an opportunity of developing a view of this 
nature. Acedc acia and cbloracetic ackl, as cUstioct bodies, 
constitute two species, which I have classed in one genns, by 
reason of the analogy of their fundamental properties and of 
the identity of their formulae. 

Thus I propose uniting into one genus all the compounds 
which unite identical formulae with similar chemical properties. 
Chloroform, bromoform, iodoform, constitute one genus; 
olefiant gas and the various rlilnridated bodies, products 
which are derived from it, constitute another; acetic acid 
and chloracetic acid represent a third, &c. 

I class then in one genus, or what comes to the same 
thing, I consider as belonging to the same chemical type, the 
Mui wkick contain ike tame number of equivalents^ united in 
ike tame manner and vshick pattest ike tame Jundamental eke^ 
mical properties. 

The de6nition of a chemical type carries with it then that 
of the properties which I call fundamental. Now, by what 
do we recognize a fundamental property ? Tliis is a question 
easily answered l>v examples which appear to be conclusive. 
When we boil cliioracctit ;u id with an alkali, it is :it ouce 
destroyed and is channtil into carbonic acid and chloroform. 
If we class, as I have done, acetic acid and chloracetic acid 
in one genus, we are compelled to conclude from this lliai 
acetic acid treated with alkalies will change to its turn into 
carbonic gas, and uito a carboretted hydrogen correspondn^ 
to chloroform, and into marsh gas {gas des marais)* This is 
precisely the result which is given by experiment. 

Bn^say MM. Pelouze and Millon, these approxhnatioos 
are purely formltous. If acetic acid heated with barytas 
changes into carbonic acid and into marsh gas, it is tlint ba- 
rytes simply determines tlio formation of the cnrhomc acid, 
that it takes from acetic acui all the carlK>nic acid which its 
constitution allows it to supply. 

Let us admit this first point for Uie moniuii ; why i»huuid 

2 G 2 
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the remainder of the elements of the acetic acid constitute 
marsh gas rather than anything else ? There are four equa- 
tions, which, at the low temperature at which the action takes 
place, arc alike admis<>ible. The acetic acid always furnish- 
iiig carbonic gas, it may give besides, 

1. Carbon and hydrop^cn..., C*^ H', 

2. Methylene anil hydrogen C"* H* + HS 

3. Olefiant gas and hydrogen 2 H'^-f H*, 

4. Marsh gas 

Thus, when we only consult the general forces of chemistry, 
at least four suppositions are presentetl between which there 
is nothuig to authorize a choice; these are the possible ac- 
tions. W lien tlie consiileration of the types is allowed to in- 
tervene, It chooses between liiese four possible actions the 
necessary actioOy that which will eive rise to four vcdumes of 
« hydrocarburetted ffas corresjponding to chloroform^ which 
it represents in this decomposition. 

It is not sufficient then to explain the decomposition of the 
acetic acid by the alkalies, by saying that those determine the 
formation of all the carbonic acid which can be produced ; 
we must besides give an account of the productinn of marsh 
gas. Now if four equations alike possible are presented, how 
shall we choose ? 

We see well that the notion of organic types meets the 
same diilicultv as the law of sulistitutions. The types are 
sent back to the general forces of cbemistiyy as the snbstitii- 
tions were sent mick to the equivalents. 

The reply is then the same: when we put into pUy the ge- 
peral fotrces of chemistry only, the decompositton of acetic 
acid into carbonic acid and marsh gas is a possible fact. 
When we set out from the analogy which exists between 
acetic acid and chloracetic acid, it is a necessary fact. In the 
first case wt should have perfectly understood that some 
carbon was dej)osited, that some methylene or ok ilant gas 
was disengaged. In the second, some marsh gas must abso- 
lutely be disengaged. 

But it is very evident, that the production of carbonic gas, 
and of marsh gas by the decomposition of acetic add by 
means of alkalies is a fact which does not shock the general 
ideas of chemistry, who explains herself by the play of the 
general affinities at her disposal. That need not have been 
demonstrated : a true fact is always possible. 

Thus in the view taken by general chemistry, marsh gas 
might be formed ; but viewed by the theory of organic types, 
it was necessary that that compound should be formed. 
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Now let us go fiirtlicr: let us suppose that the marsh gas 
be subjecietl to llie action of chlorine ; very diflerent actions 
might be produced, if we only consult the general forces of 
chemistry. 

Viewed precisely by the theory of organic types, if the 
marsh gas corresponds to chloroform, to methylic aether, &c., 
h realises the carburet of hydrogen, which constitutes the 
starting poi&t of this series, and by means of chlorine it should 
gi¥e: 

Q^2 ? hydrochlorate of methylene. 
Ch'* I hydrochlorate* 

1^ chloroform. 

C* Ch* chloride of carbon. 
We know, by the experiments which I recently made known 
to the Aosdemy, that marsh gas obtained from the acetates 
changes under the influence of chlorine into this chloride of 
carbon C'* Ch^ w hich the theory of types had predicted as the 
necessary product of the action. 

Let me add too, that before giving this chloride of carbon, 
it also produces bume chlorulorni. But if marsh gas {gas des 
marais) corresponds to the chloroform as the acetic acid does 
to chloracetic acid, the conversion of marsh gas into chloro- 
form is as necessary a fact as the conversioii of the aoedc 
acid into marsh gas. 

If when these necessary facts have been recognized as true 
be experience, it be then proved that they were possible^ that 
they did not disagree with the general laws of chemistry, I 
contend that the difficulty has not been met. What ou«^ht to 
be done in such a case, is to show how the general tlieory 
allows us to foresee that acetic acid sliould give mar&h gas, 
and that marsh aas should give ciiloioiui in. 

Far from tliiiiking that I have gone too far in establishing, 
as I have done, genera for uniting acetic acid and chloracetic 
acid, manh gas, and chlorofornii I have on the oontraiy beat 
too cautious. 

I therefore persist in my opinion as to the propriety of 
tmtting into one genus those bodie$ which contain the same 
number of equivalaUi united in the same nuinner^ and nhich are 

endo-joed wilh the same Jimdamenta! chemical jrropcvttcs. 

In this discussion of the characters of cliemicnl types and 
of the true acceptation ol the fundamental inoperties of 
bodies, I have said nothing of the identical funcuuu attributed 
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to the chlorine and to the hydrogen in acetic acid and In 
cbloracetic acid^ in the chlorolbrm and in marsh gas. 

Here, however, as it was easy to foresee, is tlie point which 
particularly arrested the attention of M. Berzelius, and which 
he combated by changing all my formulae and substituting 
new o?ies for them. 

Down to the present time T have made no reply. Indeed, 
what could 1 have added to tlit tollowing note thfl^ M. Liebig 
authorized uie to publish in his name? 

" In my interest for the science," says M. Liebig, I mast 
declare that I do not share the opinions of M. Berasdims be- 
cause they rest upon a mass of suppositions which cannot be 
proved. 

In mineral diemistry the singular observation has been 
made that chlorine may be substituted for manganese in per- 
manganic acid, witliout the form of the salts produced by 
this acid heiii'j: rhrfnp:^?!. Nevertheless it is hardly possible 
to hud two b(Kli« between which there exisN a rrreater dif- 
ference in chemical properties than there is betwt^en chlorine 
and manganese. 

" An experiment of this kind is not to be discussed ; we 
must leave to the fiict all its value, and say^ chlorine and 
manganese may take each otbet^s place without the nature 
of the combination being changed by it. From that time I 
do not see why this maimer of acting should be considered 

as impossible for other bodies» such for example as chlorine 

and hydrogen. 

** The interpretation ol ihe'^e ph.Tnomena, such as it has 
been laid down by M. Dumas, appears to me to give the key 
to most of the phspnonicna of organic chemistry. 

** Without denying that bodies take each other's places in a 
great number of combinations, according to their place in 
the electric order, I think, from the manner of acting of or- 
ganic combination^ we should draw this conclusion; — ^that a 
reeiproeal mbtHMim of simple or campamd bodkif oithig in 
the manner of itomorphous bodies^ skoM be eomidered as a true 
law of nature. This substitutioa may take place between 
bodies which neither have the same form nor are analogous 
in composition. It depends exclusively on the chemical 
force which we call affinity." 

These opinions are, in fact, quite coniormable to those 
which I myself published, when I compared the principle of 
substitutions to the iiu ipic of isomorphism, and the bodies 
of tlie same cheuucal type to the i^omurpiioua bodies them- 
selves. 

I do not pretend lo say, that bodies of the same chemi c al 
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tjjfpe should offer the same form ; everything leads us to be- 
lieve that this condition does not always exist, but up to the 
present time researches are wanting upon this subject. 

[To be contioued.] 



PROCEEDINGS AT THK FRI D AY-EVENINfi MEETINGS OF THE 

KUVAL iNJjAJiyXlUlH. 

March 20. — Mr. Schombiurgk on the abonginal inhabitants of 

Guiana; their manners, customs, and present condition. 

March 27 — Dr. George Gregory, btatistics of disease aad mor- 
tality in the metropolis. 

April 3. — ^Mr. Cowper on the manafitcture of eotton. 

April 10. — Mr. Nasmytb on the functions of the mouth and the 
atrru-tiirc of recent and fosul teeth. 



METEOROLOGICAL OBSERVATIONS FOR MARCH, 1840. 

Chisteick. — March I, 2. Cold and dry. S. Cloudy. 4. Bleak and cold. 5. 
Frosty : cold and dry : shnrj) frost at night. C, 7. Frosty haze : fine. 8, 9. 
CImt and froBty : fine, la Very fine. 11. Drinly. 12. Cloudy. IS. Hazy: 
fine. 14. Overcast: very fine. 15. Slight rain. 16'. Fine but cold. 17. 
Clear. 18. Overcast- 19,20. Cloudy and cold : dear. 21. Very clear. 22. 
Overcart. 23. Fine but cold. 24, 25. Clear and cold. 86—28. Cloudy and 
cold. 29,30. Cltxith- finf^ fine. 31. Drizzly. 

It may be observed that tlicqtiantity of rain in thib month wivs less* than 3-lOths 
of an inch. The barometer stood remarkably hi<^b and in general very steady. 

SnUotu — March 1^3. Fine. 4. Stormy. 5 — 8. Fine. 9. Cloudy, la Fine. 
11, 12. Cloudy. IS. Fine. 14. Ilaio. 15. Cloudy: rain r.M. 16, 17. Cloudy. 
IS. Rdn; rain p.m. 19, Sa Cloudy. 21. Fine : snow early am* 9S. Cloudy : 
rain r.M. 2% Cloudy: snow <arly a.m. 24. Hail : snow early a.m. 25, Fine: 
snow early A.M. 26, Fine : snow p.m. 27, 28. Cloudy. 29. Cloudy: rain r.M. 
90^ SI. Cloudy. 

Api>!e!:,arih ^f^nse, Dvn^riet'Shire. — Marcli 1, 2. Fine clear day: fro«ty. 3. The 
same: getting cloudy r.M. 4,5. The same: still freezing. 6. Remarkably 
fine day: gentle firoft. 7 — 9. Tbeaame: hoar frost a.m. 10. The same, but 
threatening change. II. The same, but cloudy nn f'rr-t. I J. Tlii' ^ame: con- 
tinuing cloudy : no frost. iS. Dry and boisterous : cloudy. 14. Dry but 
cloudy. 15. Pine day : rain A.W. 16. fflighC vain morning : cleared up. 17. 
Fine: frosty early a.m. 18. Fiin f!ie same. 10. Fine: without frost. 20^ 
Fine: hoarfrost. 21. Fine: strong frost. 22. l*ine: getting cloudy. 83. 
Fkwng ihowefs of anow and hail : frosty. 24, 95. The tame : very cold : Atttty. 
26. Fair but cloudy. 27. Fine but dull. 28. Remarkably fine day. 29. Tlie 
same after a shower A.M. SO. Wet morning: drissly all day. 31. Occaiional 
showers. 

Sun shone out 29 days. Rain fell 5 days. Smm and hail 1 day. Rostand 

hoar frost 1 7 days. 

Wind north 1^ day. North-east 8| days. East 2 day&. South 4 days. South- 
west 3 days. West 2 days. North-west 6 days. North* north-west 1 day. North- 

north-east 1 day. VaTi:iMe 2 dayd. 

Calm 15 days. Muderule 9 days. Bri»k 5 days. Strong breeze 2 days. 
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LXVl. On cri/staUized Native Oxalate of Lime, i?yH.J« 

Brookb» Esq.^ F,R.S.* 
T HAVE had in my possession for some months a specimen 
^ of cakitef In coBipoand crystals of the metastatic form of 
Haiiy, from ^ to f or an inch long, with irregular and curved 
surfaces occasioned by the intersections of the numerous indivi- 
duals of which the crystals are severally composed^ and which 
stand on a rather soft light gray matrix. It is uncertain from 
whence the specimen was brought, but Mr. Ueuland sup- 
poses it to have come from Hungary. 

On the crystals ofcalcite are deposited n few small crystals, 
from j 'ih tO:[th ol an inch lonfj, o\ oxalate of lime, wliicli had 
from lliLir high lustre heen supposetl to be some ore of lead. 
It was, however, apparent that they differed iti lorm from all 
the known lead ores, and oa examination by Mr. Sandull at 
Mr. R. Phillips's laboratory, they were found to be oxalate 
of lime with one proportional of water. 

The crystals appear to have been formed contemporaneously 
with those of the caicite^ in which some of them are partly 
imbedded, a circumstance which excludes the supposition of 
their being of vegetable origin ; and as only one other oxalate^ 
that of iron, is known to exist in the mineral state, and as 
it occurs in a bed of wood coal, and the oxalic acid contained 
in it may be presumed to have been derived from n c^ c table 
matter, this oxalate of lime will afford the first insiance of 
the occurrence of oxalic acid as a distinct mineral product. 

The primary form of the crystals is an oblique rhombic 
prism, hg. 1. P on M nieiisuring 103"^ 14-' and M on M/ 
100^ S^' : a cleavage parallel to V has induced me to adopt 

• Communicated by the Author. 

t In a list of roioerals published a few years since, I proposed this name 
for the conuiion rhombohedral carbonate of fiine ; caicite and amgonite 
thus denoting the two varieties of this substance. 

Jfhil. Mag, a 3, Vol. 16. No, i05, ^func 1840. ^ H 
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tlint as one of the primary planes, and there are other clea- 
vages parallel to iVI, and to r otTig. 2. Most of theci vstals are 
twins, and remarkably symmetrical in their form. Fig. 3 is a 
projf ctuH^ (;t liie terminal planes ; and fig. 4, a projection of the 
twin ci ysUil in profile, the relation of which to fig. 2, and the 
other figures, is rendered aufiicieiitly obvious by the oorre- 
spondine letters. All Uie planes are bright and perfect except 
M> whidi is striated by its altemadoas with u ; and which 
is also striated paraJlei to the edge between/and/*. 

Fig. K 

Fig. 3. 





The following are the laws and measurements of the planes, 
for taking the trouble of calculating which I am indebted to 
the kindness of my friend Professor Aliller of Cambridge- 




is Bl Dl Gl 

is Bl B'l Hi 

is Bl Dl Gl 

is Bl JDoo G 1 

is B2 D 1 G2 
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Fig. 4. 




P on M s 103° 14/ 
a = 127 U 
c s 90 

b = 109 28 
S s 136 48 
/ = 143 4 

a on s = 15 4 



Mon M' s lOO^'Se' 



c = 142 
b = 101 



19 
18 
36 
41 



u 
c 
a 
V 
$' 
f 



160 45 
18d 42 

111 37 

128 4 
136 48 

H2 15 
Fracture 



con- 



Very brittle, 
choidnl. Hardness ratlier less 
than calcite. Spec. grav. 1*833. 
Colourless. Transparent to opake. Lustre similar to tliai 
<tf sulphate of lead. U. J. B. 
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LXVII. On the Electro-motive Pourr of Ileal, B\) John 
W. Draper, MM.^ Frqfes&or of Chemistry in the Universiii^ 
of New York,* 

[Ulustratcil by Plate VI.] 

l^ROM the memoir of M. Meiloni, on tlie Polarization of 

^ Heat, inserted in the second part of the first volume of 
the Scientific Memoirs, we learn, that M. Becquert I, as weli 
as himself, has mudf experiments to determine tin (jiianlities 
of electricity set in motion by known increments of heat. 
From these experiments they contlntle, that through the whole 
range of the thermometric scale, those c|uuntilies are directly 
proportional to each other. 

Bat as thermo-electric currents are now employed in a 
variety of delicate physical investiflationsy and as there appears 
to be much misconception as to Uieir character, J propose in 
this memoir to show, 

1st That equal increments of beat do not set in motion 
equal quantities of electricity. 

2ndly. That the tension undergoes a si iirht increase with in- 
crease of temperature, a piia^nomenon due to the increased 
resistance to conduction of metals, when their temperature 
rises. 

Srdly. That the quantity of electricity evolved at any ^iven 
temperature, is independent of the amount of heated surface ; 
a mere point being just as efficacious as an indefinitely ex- 
tended surface. 

4thly, That the quantities of electricity evolved in a pile of 
pairs, are directly proportional to the number of the elements. 

First, then, as to the comparative fnarch of electric deve- 
lopment, with the rise of temperature, in tiie case of pairs of 
dilierent metals. 

The experimental arrangement which I have employed, is 
represented in fig. 1. (Plate VI.) A A is a ghiss vessel, about 
three inches in diameter, with a wide neck, tlirough which 
can be inserted a mercurial thermometer ^, and one extre- 
mity of a pair of electro>motoric wires. The wires I have 
employed have generally been a foot long, and j^^th of an 
inch in diameter. The extremity s of the wires thus intro- 
duced into the vessel, ought to be soldered with hard solder : 
their free extremities dip into the ^Inss cups d fdled with 
mercury, mid immersed in a trough e containing water 
and pounded ice. By means of the copper wires fj, ^th of 
an inch thick, communication is established with the mercury 

* Communirntrd bj the Author. 
2ki2 
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cups of the jgalvanometer. The coil of this galvanometer is 

of copper wire Jth of an inch thick, and making twelve turns 

only, rouiul tlie needles, which are Ji'=;t:nic. The deviations 
were (icteruuned by the torsion of n glass thread, in the way 
describetl in the number of this Journal for October 1839. 

It is surprising to those who have never before seen the 
experiment, with what promptitude and accuiae^^^ a cupper 
and iron wire, soldered tnus together, will indicate tempera- 
tures. 

In the umngenient now describedt when an ocperiment 

has to be made, the vessel A A is to be filled two-thirds full 
of water, the bulb of the thermometer being so adjusted as to 
be ill the middle of the vessel, and the soldered extremity s 

of the two wires, being placed in contact* with it, and a 
small cover with suital)le apertures adjusted on the top of the 
vessel, so that the steam as it is generated may rush up along- 
side of the tube of the tlicrmometer, and bring the mercurial 
column in it to an uniform temperature. Tiie coumiunicating 
wires / /, are then placed in the cups, and the trough e filled 
witfi water and pounded ice, and carefuliy surrounded with a 
flannel cloth. The water in the vessel A A, is then gradually 
raised to the boiling point by means of a spirit-lamp^ and 
kept at that temperature until the galvanometer needles and 
the thermometer are quite steady. The same plan must be 
followed, when any other temperature than 212 is under trial, 
for the thermo electric wires changing their temperature more 
rapiillv t!i;iii ilu merciiry in tlie thermometer, it is absolutely 
necessary lu contmue tlic experiment for some minutes, to 
bring both to the same state of equilibrium. 

When a temperature higher than 'il'i Fain ., but under a 
red heat, is required, I substitute in place of the vessel A A, 
a tubulated retort, the tubulure of which is large enoush to 
allow the passage of the bulb of the thermometer and the 
wires. A quantity of mercury^ sufficient to fill the retort half 
full, is then introduced, and the tubulure, being closed by ap- 
propriate pieces of soapstone, the neck of the retort is in- 
clined upwards, so that the vapour as it rises may condense 
and drop back again, without incommoding the operator. 
As in the former case, it is here also necessary to c()ntinue 
each expeiimerit for a few minutes, to bring tlie thermumeter 
and thermal pair to the same condition. There is not much 
difhculty in obiummg any required Lempeiature, by raising 
or lowering the wick of the lamp. 

* If the extremity of tlie tin rmo-electric pair be allowed to re'^t on 
the bottom of the glass vc&»ely iiu accurate results can be obtained ; the 

pair does not tbea indioite tbe tcnpenture of the water. 



Digitized by Google 



Br, Draper on tke JSkdnhmoiive Pmer of Heat, 459 

The metals I have tried were in tlie lorn) of wires. They 
were in the slate found m conmierce, and tlierelbie not pure; 
they were abtaiued in llie shops ol i^iniudclphm. 

Table I. 



* 


TempcTsturvs (Fabr.) 


M F. 


128 F. 


212 F. 


fi62F. >; 


Copper 8iid iixio»**«*.«« 

Silver and palladium... 
Iron and pallndium .... 


0 
0 
0 
0 
0 


98 

65 
112 
11 
89 
S8 


178 

147 

137 
fi8 


613 1 ^ 
6.11 I 

ft 
«44 l t 



In this table I have estimated the temperature of boUing 
mercury at 662^ Fahr. The quantities of electricity evolveOi 
as estimated by the torsion of a glass thread, are ranged in 

columns under their corrcspon flinty' temperatures. Each scries 
of numbers is the mean of four trials, the difTerences of which 
%vere often imperceptible^ and hardly ever amounted to more 
tiian one degree. 

Now if this tabic be constructed, the tempenitures being ran- 
urd cilong the axis of abscissas, and the ouauLities of electricity 
oeiij<^ represented by corresponding ordinates, we shall have 
results similar to those given in 6g. 2» in which it is to be ob- 
served, that the curves given by the systems of silver and 
iron, copper and iron, and paUadium and iron, are concave 
to the axis of abscissas; but those given by platina and copper, 
silver and paUadium, and platina and iron, are convex. 

Let us now apply the numbers obtained by these several 
pairs, for the calculation of temperatures, which will sot t!ieir 
action in a more striking point of view. Fhe foUowuig table 
contains such a calculation, on the suppo^idon that for the ?)0 
degrees from '3^° Fahr. lo 122° Fahr., the increments of elec- 
tricity arc propoi lionul Lo the temjieratures* 

Tablk II. 



3 ° 



C(>pp«r and iron...... 

Silver and palladiuiD 
Iron and paUadiiim .. 

Platina nnd copper. 

Iron and silver 

ITron and ptatfim .... 



ttF. 


I9SF. 


WatwboU*. 




32 


\22 


202 


257 


92 


1S9 




880 


32 


122 


211 


■^•^^) 


32 


122 


214 


1030 


32 


122 


170 


279 


9ft 


192 


«12 


829 
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We are therefore led to the general conclusion^ that in 
these six different system cf metalSf ike deoelopmeuts ^ dectri^ 
city do fiot increase proportional^ with the temperatures^ but in 
some -xith greater rapidity^ and in others with less* 

The results here given, I have corroborated in a variety of 
ways and with a variety of wires. A pair consisting of copper 
and platinn, gave for the temperature of tin when in the act 
of congealing 452*^ Falu". instead of 442**Fahr. the point usually 
taken. For the melting point ul' lead, it ijave Fahr., 
instead ot (jl 2 Fahr, The melting points (j1 im, lead, zinc, and 
occasionally of antimony and bismuth, were m this manner 
employed, for they allim time for the working of the torsion 
balancey and with the exception of bismuth, their temperature 



it into a cream of pipe-clay. 

A pair of copper and platina gave for a dull red heat 1416^ 
Fahr., and for a bright red 210.i° Fahr. 

A pair of palladium and platina gave tor a dull red 1850*^ 
Fahr., and for a bright red 2923^ Fahr. 

Some of the combinations into winch iron enters as an cle- 
ment, give rise Lu remarkable results; thus if we proieci ihe 
curve given by a system of copper and iron, we shall find it 
resembling 6g. 3, where the maximum ordinate h occurs at a 
temperature of about 650^ Fahr. $ the point c appears to be 
given between 700 and 800 degrees ; <f by a dull red heat; e 
IS very nearly the point at which an alloy of equal parts of 
brass and silver melts, for if the pair be soldered with this 
substance, it fuses when the needles have returned almost 
exactly to the zero point. With harder solders or with 
wires simply twisted, the curve may be traced on the op] )o site 
side of the axis towards its ordinate increasing with regu- 
larity. At 60° Fahr., taking the Jencrth of the ordinate cor- 
responditig to a temperature ot 212 1 aln . as unity, the length 
of the maximum ordinate at 6, is 1*85 very nearly. 

A system of silver and iron gives also a similar curvcy the 
point b occurring at a temperature rather higher than the 
analogous one for the preceding system, but still below the 
boiling point of mercury. 

Now all these things serve to show, that we cannot deter- 
mine with accuracy unknown temperatures by the aid of 
thermo-electric currents, on the supposition that the incre- 
ments of the quantities of electricity are proportional to the 
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increments of temperature throughout the range of the mer- 
curial thermometer. 

Let us liow proceed to the second proposition, " That the 
tension undergoes a slight increase with increase of tempera^ 
tare^ a phttnomenon due to the uicmsed resistanoe to cod- 
daetion of metals when tfaesr temperature rises." 

It will be seeiit on consulting the Ibllowing tables that pairs 
of diffirtKt metalit at the same temperature^ have tensiena 
which are apparently TCiy different. 

The currents, the tensions of which are here indicated, were 
generated by keeping one end of the thermnl pair in boiling 
water, the other ends being maintained at a temperature of 
32° Fahr. 

Table ilL 



A pair of 




A pair of 


PH < 


Antimony nnil !ii<miith 


•137 
•183 

•807 

•313 

•380 


Platinn nnd iron 

Copper and piatina 
Platina and palladium 


_, 

470 
•473 
•MO 
•518 
•667 


Lead and palladium... 



We perceiTe, therefore, that there appareudy exist specific 
differences in the qualities of electric currents derived from 
different sources. for example, we take a pair of platina 
and palladium, and expose it to a temperature which shall 
generate a current capable of deflecting the torsion balance 
throni^b 1000 deo;rees, find then abstract it by a wire of such 
dimensions as to slop one lialf, or only allow 500 degrees 
to pass, and repeat the experiment with a current generated 
by bismuUi and antimony, the temperature being still so ad- 
justed as to give a deflection of 1000 degrees, on making this 
pass through the same intercepting wire, perhaps not much 
more than one eighth of it will go wrough ine pdvanometer. 

It might be supposed that these characteristic differences of 
thermal currents, derived from different sources^ were due to 
some modification of the electricity itself similar to those of 
radiant heat, derived from different sources, or at different 
temperatures, which M. Melloni has attempted to show are 
analogous to the colours of light, bein^r like them of different 
degrees of refran^lbility, ana permeating absorbent media 
with different degrees of facility. For in the same way that 
we regard glass as transparent to ligbt, ;uk1 rock salt as trans- 
parent to heat, so too we might regard a copper wire or any 
conducting medium as transparent to electricity. 
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But tiiis peculiarity of thermo-eiectiic cuneiits depends 
on the conducting resistance of the system that generates 
them. It is possible to give a current a higher or a lower 
tension, by simply making use of thin or thick wires to ge- 
nerate or to carry it. In the foregoing table the current from 
platinaandpaliadiumhad a high ten sion,because slender wires 
of those metab happ^ed to be used to generate it ; and the 
current from antimony and bismuth had a low tension, be- 
cause thick bars ot those substances were employed. In the 
former case, the conducting resistance was greater tlian in 
the latter, and hence the tension of the current was hi<^her. 

That this is strictly true , will appear on examinirig the cur- 
rent evolved by any numbei oi sybLenis, under the same con- 
dition of resistance to conduction. I took a pair of copper 
and iron» and soldered it to a similar pair of piatina and cop- 
per, as is shown in fig. 4, so as to form one continuous me- 
tallic line. The point of junction formeil by the wires i (iron) 
and Ji (piatina), was kept carefully at 63^ Fahr., by immer^n 
in a water-bath : the point of junction p (piatina) and c (cop- 
per) was treated in like manner ; but that of e and i was raised 
to 212^ Fahr. IJuder these circumstances, it was found that 
181 degrees of electriciiv were evolved, ot which 50 went 
through a given secondary wire. Then raisino^ the junction j) 
and c to 212° Fain., and bringing c and i to 63^ Fahr., there 
passed at the galvanometer 71 degrees, of which 19 could 
traverse the same secondary wire, but 

As ISl : 50 : : 71 : 19*6 

and hence I infery that where the conducting resistance is the 
same» the tension of currents from different sources does not 

dilTcr. 

These results inform us how much the tension of a current 
depends on the resistance to conduction of the system which 
it traverses, as well as on the dimensions of the system itself; 
an observation, the value ot \s hich we shall presently sec. 

In a great number of triaU wiiieh 1 made, I failed in gelling 
any trii-iwonliy results, as respects tension of currents at high 
tempci aiui Ls, on account of tiie diihculty of maintaining the 
thermo-electric pair at the same degree without variation* 
By employing, however^ a small black-lead furnace, to which 
was adapted a covered sand-bath, into which the wires could 
be plunged, I succeeded at last ; for with this arrangement a 
regulated temperature could be kept up for a length of time. 

The experiment was made with care in the case ci two 
systems ofmetaU : ist, copper and piatina ; 2nd^ copper and 
iron. 
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Ist. At the boiling point of WBter» a pair of copper and 

platina, the unexcited extremity of which was carefully main- 
tained at 67® Fahr., evolved as a mean of four trials, three 
of which were absolutely identical, 123 degrees of electricity, 

of which 'i3 could pass a seconflarv wire. 

Then, by the aid of the turnace and sand-bath, the tem- 
perature was raised until the pair evolved 783 degrees, as a 
nieanot tour trials; oi these 163 could pass the secondary wire« 
Now, 

As 783 : 163 : : 123 : 25^ instead of 23 
showing therefore a slight rise of tension. 

2nd. The pair of copper and iron gave at the boiling point 
of water 800 degrees, of whic^ 57 passed the secondary wire. 
The temperature was now raised, with the following results : 
490 degrees passing the primary, 95 the secondary wire. 
553 — — — lis — — 

493 — — — no — — 

It will be understood, that ahhough the (junntities of elec- 
tricity indicated in tlie first column do not regularly increase, 
that the temperatures were iiuLwiLhstanding ^oing regularly 
upwards : to this peculiarity of the systems into which iron 
enters I have already alluded. Let us now compare these 
measures with diose obtained for the boiling point of water : 
As 490 : 95 : : 800 : 58 instead of 57. 

558: 113;: 800 : 61 — 

545: 112:: 800: 61 — 

493 : 110 : : 300 : 67 — 
we find, therefore, that iu the case of both these systems of 
metals, the tension slowly rises with increase of temperature, 
being much better marked in the latter than iu the former 
instance. 

The increase of tension here detected, depends unquestion- 
ably on increased leaisLance to conduction, which the wires 
exhibit as their temperature rises, as the Ibl lowing experi- 
ments show. 

A pair of copper and iron evolved a current at the boiling 
point of water, which passing through a wire of copper eight 
feet long, was determined at the galvanometer to be 176 de- 
grees. Having twisted a part of this wire into a spiral, so as 
to go over the flame of a spirit-lamp, S inches of it were 
thereby brought to a red heat; the deviation of the needle 
fell now to 16'), being a deficit of 11 degrees. In this ex- 
periment, care was takf !i that no heat should be transmitted 
along the wire to the connecting cups. 
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The same was repeated with a piece of iron wire, of tbe 
same length and under ibe same circumstances. The cmv 

rent at first being 90 degrees, as soon as the spiral was made 
red hot , it fell to 61 degrees, being a deficit therefore of 

nearly onu third the whole amount. 

To the increased n distance to conduction, occasioned by 
an increased tenijieraturc, we are to impute the shght rise of 
tension observed in theroio-elecu ic currents. The quantides 
are of the same order. 



We have next to diow» ^ that the quantity of electricity 
evolved at any given temperature^ is independent of the 
amount of heated surface; a mere point being just as effica- 
cious as an indefinitely extended surface." 

Tiie quantities of electricity evolved by hydroelectric pairs 
has been shown to increase with their surfaces, but it is not 
so in thermo-electric arrangements. A pair of disks of cop- 
per am] iron, two inches in diameter, were soldered together; 
they had eontinuons straps projecting from them, which served 
to connect thera witli the galvanometer ciij s. At the hoilmg 
pomi i f water they gave 62 degrees; on beinrr cut down to 
halt ;;u inch in diameter, liay istill gave irl. On the disk 
being entirely removed, and the copper made to touch the 
iron by a mere point, its extremity being roughly sharpened, 
the deflection was still 62. 

By means of a common deflecting multiplier, I obtained the 
following results ; 1st, a copper wire being placed in a bath 
of mercury, the temperature of which was 240^ Fahr., I dip- 
p>ed into it a second copper wire, the temperature of which was 
about 60° Fahr.; the galvanometer needles moved through 
15 degrees. 

2nd. The cold wire being sharpened to a point, and 
plunged deliberately into the mercury to the bottom of the 
bath, the deflection was 19 degrees. 

3rd. But when I touched the surface of the mercury with 
the x>e)-y point of the cold wire, there was a deflection of 60 
dei^ees. 

Having laid a plate of tinned iron upon the surface of some 
hot mercury, it was touched witli the point of the cold wire« 
There was a strong deflection of the needles in the oppo^te 
direction to what would have been the case had the mercury 

been touched and not the iron. The under surface of the 
iron was therefore acting as !i hot lace, and the jiarts round 
the point as a cold face, beiug temporarily chilled by the 
touch oi' the wire. 
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These results explain the anoiDaliee observed by tame of 
those who investigeted the course of thermo-eleGtric correoCs 
by means of small metallic fragments. 

It would thereffire ^;«^em, that when wires of the same 
metal are used as electroniotors, the quantity of electricity 
evolved depends on the quantity of caloric that can be com- 
miiuicated in a given lime. Time, therefore, under these 
circumstances must enter as an element of thermo-electric 
action. In the case of a single metal, the maximum effect 
would be produced, when the hot elenent is a inats» and the 
oold one a point. 

And lastly, That the quantities of electricity evolved in a 
pile of pairs are directly proportional to the number of the 

elements." 

In the first trials whicii I made, to determine the efl'ect of 
increasing the number of pairs in a pile, the results obtained 
were contiatiictory ; by operatin<^ however in the fuliowing 
way, the proposition was at last satisfacloiily determined. 

Ist The resistance to conduction was made nearly cod- 
stant by uniting all the pairs intended to be worked with, at 
once. The current, therefore whether generated by one, 
two, three, four, or more pairs, had always to run through the 
same length of wire^ and experienced in all cases an uniform 
resistance. 

2ndly. By making each iniHvidual eleriR iu of considerable 
length, the liability of transioission from the hot to the cold 
extremity was diminished. 

Having, therefore, taken six pairs of copper and ii on wires, 
•Aj-th of an inch thick and each clcuieiU 38 inches long, I 
formed them, by soldering their alternate ends^ into a con- 
tinuous battery* Then I successively immersed in boiling 
water one, two, three, &c. of the extremitieB, their length id- 
lowing freedom of motion, and the other extremities not dif- 
fering perceptibly from the temperature of the room. 

The following table exhibits one of this series of experiments. 



Table IV. 



No. of pam. 


CaiculAted Deviationt. 


OtMerred DevUtioiu. 


1. 


55 


55 


% 


110 


lU 


a. 


165 


165 


4. 


220 


220 


5. 


275 


272 


«. 


330 


332 
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Hence tbere cannot be any doubts that the qoantities of 
electricity evolved by ooropound batteries, at the same tern* 
peratnre^ are directly proportional to the number of the pairs* 

With some general remark^ arising from the foi^oia^ 

subjects, I shall condiide this communication. 

1. It is of importance to remenilier, tliat thermo-electric 
currents traverse metallic masses oiily on accouut oi di&rences 
of temperature existing at different points. 

2. Wiien a current of electricity, flowing from the poles of 
a battery, is made to traverse a metallic sheet, the w hole of 
it tlue:s not pass in a straight line Irom one pole to tin: other, 
but diffuses itself through the metal, diverging fVuia oni point 
and couvermiig to the other. The greater part of the cur- 
rent is found, however, to take the shortest route. 

S. Combining therefore the foregoing observations (1.2), 
we perceive^ that there are certam forms of eonstmctioii 
whidi will ("ive to thermo-electric arrangements pecnltar ad- 
vantages. For example^ the surfaces united by soldering mast 
not be too massive. Let a, fig. 5, be a bar of antimony, and h 
a bar of bismuth; let them be soldered together along the line 
c d, and at the point d let the temperature be raised ; a current 
is immediateiy excited; but this does not pass around the bars 
£r, b, in as much as it finds a shorter and readier channel 
through the metals, between c and d, circulating^ therefore as 
indicated by the nrrow^. Nor v, \[l the whole current pass 
round the bars, luitil the temperature of the soldered suriace 
ha^ become uniform. 

An obvious improvement in such a combination is shown 
in fig. 6, which consists of the former arrangement, cut out 
along the dotted lines: here the whole current so soon as it 
exists is forced to pass along the bars. And because the 
mass of metal has been diminished at the line of junction, 
such a pair will change its temperature very quickly. 

One of the very best forms tor a thermo-etectric couple is 
given in fi^. 7, where a is a seniicylindrical bar of antimony, 
0 one of bismuth, united together by the opposite comers of a 
los^ge-shaped piece of copper e. From its exposing so much 
surfiice, the copper becomes hot and cold with the greatest 
promptitude, and from its good conducting power it may be 
made very thin without injury to the current. With a pair 
of bars fths of an inch thick, and a circular copper plater, 
having both surfaces blackened, I have repeated the greater 
part of those experiments which M. Melloni made with his 
multiplier. 

4. The currents which circulate lu a steel magnet are to 
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all appearance j)eipetual. I thought for soiue Lime it luigiiL 
be possible to procure similar perpetual currents, by com- 
pound thermo-electric arrangements. Fig. 8 will serve to 
' show the character of these combinations, and also the cause 
of their &ilar€. Let a, bf be wires of three different metals 
soldered together so as to form a triangle. Now if these 
metals were selected, so that a and b could form a more 
powerful thermo-electric pair than a and c, or b and r, it 
might be expected that at all temperatures an incessant cur- 
renL would run round die system. Such, however, will not 
be found to be tlie case. In effect, any one of these three 
serves simply as a connecting solder to the other two, and 
hence no current is excited; lor the ends that have the third 
metal between them, although that metal intervenes, are ud« 
der exactly the same condition as the other ends which are 
in contact. 

5« Thermo-electric currents, evolved by pairs of different 
metals, do not appear to differ specifically. As different gases 
during combustion burn with diffisrently-coloured 6ames, and 
as di£rent sources of caloric evolve rays of heat which are 
absorbed differently by different media, it might be expected 
that a pair of wires of copper aiui plalina woulil '^\ve out a 
current of clectricitv unlike tliat of iron and palladiiiiu. I have 
made many trials on this point, adjusting a wire oi copper and 
one of lead to each other, so as to stop equal quantities of 
electricity flowing from a pair of copper and platina, the 
galvanometer needles being brought to the same poin^ 
whether the long wire of copper or the short wire of lead 
was employed. %ut, in the case of every combination which 
I tried, these two wires acted alike^ nor could I ever evolve a 
current which would pass with more or less absorption along 
the lead than along the copper. 



LX VIIL Illustrations of the Hisiotj/ of the Inductii^ Scietices, 
No, /. The Reception of the Copernican Theory in England, 
By X O. Haluwell, Esq.y F,R,S., RB.A,S., KS.A.^ 
M*KS»L.i Sfc. of Jesus College, Cambridge,* 

npHE most zealous reader would not require, nor the most 
enthusiastic inquirer expect, to find the results of new 
and deep antiquarian research in so comprehensive a ^vork as 
that by Professor Wlieweli uii ilie History of die Inductive 
Sciences ; much less would any one for a moment consider 
the credit of that eminently distinguished author in any de- 

• CoDupmucsted by the Author* 
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gree shaken bv the discovery of documents teodiiig to alter 
any of his conclusions. All wiH agree, that with the natonals 
before hina, Professor Whewell has performed his task most 
admirably^ for it would have been the labour of a hundred 
lives to have carefully examined every available document 
oonnected with the facts there brought together. Anxious 
to place my mite towards the discovery of truth in a secure 
position, 1 intend, with the permission of the Editors of the 
Philosophical Magazine, to commence a series of papers on 
some portions of the hi^iurv ol the inductive sciences which 
do nut a})pear to iiuvt; betii as yet thoroughly investigated. 

As regards the history of science in our own country, Pro- 
fessor Whewell has laboured under very great disadvantages. 
Thrown almost endrely on continental writers for his in-^ 
formation, he has overlooked many important works of the 
early English authors. For instance, the Qucestiones No* 
turales* of Atbelard of Bath, and the Dialogus de pkHosophiaf 
of Gulielmus do Conchis, oiio-ht to have been analysed as 
grnnfl landmarks in the period preceding the splendid epoch 
of Roger liacon; and the content-, ol the present naper will 

Crove how neglected the cluiin- oi ihe English writers have 
een in their early reception ol one of the greatest advances 
ever made in natural knowledge. 

Prejudice in &vonr of the authority of Aristode^ even in 
the sixteenth century the master of all the Universities, for- 
bad any public belief in the Copemican system, and on that 
account we find many compilers of astronomical tables ground- 
ing them upon the new system, without professing, and 
sometimes denying, a belief in the heliocentric doctrine on 
which they were founded. Copernicus himself says, ** nerjiie 
enim necesse est eas hypotheses esse veras, inio ne verisimiles 
quidem ; sed sufficit hoc unum, si calculum observationibus 
congruentem exhihcant :" so dangerous was it to invade the 
established beliel. Astrologers then received more encour- 
agement than those skillea in real science; a rascal of the 
name of Nicholas Kratzer, being the chosen **astronomyer*' 
of Queen Mary, at the same time that Robert Reonde was 
her physician. Kratzer was the author of a little volume on 
astronomy, in which he even denies the rotundity of the 
earth: 

** lie 5nw with hia own oycs tlic moon was round, 
\Vai> also certain Uiut the earth wan square. 
Because he had joume^-'d fifty miles nnd (biind 
No sign that it was arcular any where." 



• MS. Cotton. Galba, E. 5v. Mus.i^rit. 
t MS. Arwdel. Miu. Brit. 377* 
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And his work is not a sotitairy specimen. In this state of po- 
pular ignoranoe it speaks volumes for the genius of Britain to 
oa able to proves that at least as early as the year 1556, onr 
eoontry rejoieed in three minds perfectly convinced of the 
truth of the new system and able to appreciate its value. 

To Professor De Morgan we are indebted for having dia* 
covered in the Castle of Knowledge (foi. Lond. 1556) by Ro- 
bert Recorde, a passage showing that the author was in heart 
a Copernican'*^ ; its extreme curiosity will well permit a repe- 
tition in modern oi thography : — 

*' Master. But as for the stabiUty of the earth, I need not 
waste any time in proving il, btcause that opinion is so lirmly 
fixed in most men's heads, that tliey think it mere madness 
to In ing the (juestioii in doubt. And therefore it is as much 
fully to labour to prove that wliich no man denieth, as it 
were with great study to dissuade that thing which no man 
covets nor any man grants ; or to blame that which no man 
praises nor any man likes. 

^SekoUtr, Yet some time it cbanoeSp that the oplnkm most 
generally received is not most true. 

*^ Master. And so do some men judge of this matter ; fat 
not only Eraclides Ponticus, a great philosopher, and two 

f'eat scholars of the school of Irythagoras, Philolaus and 
cphantto, were of the contrary opinion, but also Nicias 
Syracu&ius and Aristarchus Samius seem with strong argu- 
ments to approve it; but the reasons are too diihcult ibr this 
first introduction, and therefore 1 will omit them till another 
time. And ^^^o will 1 do the reasons that Ptolemy, Theon, 
and others ilo allege, to prove the earth to be \\ ithout mo- 
tion ; and the rather because those rca^suns do not proceed 
so demonstrably, but they may be arrswtjred fully of him that 
holdeth the contrary. I mean, concerning circular uiuUon : 
any direct niuUuii out of the centre of the world s(;emcth 
more easy to be confuted, and that by the same reasons which 
were before alleged for proving the earth to be in the mid- 
dle and centre w the wwid. 

Scholar* I perceive it well: for as if the earth were al- 
ways out of the centre of the world, those former absordides 
wonld at all times appear: so that if at any time the earth 
should move out of its place, those inconveniences would then 
appear* 

Master, That is truly to be gathered : howbeit Coper- 
nicus, a man of great learning, of much experience, and of 
wooderfiil diiligence in observation, has renewed the opinion 

* CmapMumi to the Britiih Almanac for lti37. 
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of Aristarchus Samius, and affinneth that the earth not only 
moveth circulai'ly about its own ceDtre^ but also may be, yea 

and is, continually out of the precise centre thirty-eight thou- 
sand miles : but because the understanding of that controversy 
depends upon deeper knowledge than in tliis introduction 
may be uttered conveniently^ 1 will let it pa^s till soaie other 
time. 

"Scholar, Nay, sir, in good faith, 1 desire not to hear such 
vain phantasies, lar aj^ainst common reason, and repugnftnt 
to the consent of all the learned multitude of writers^ and 
therefore let it pass for ever and a day longer. 

" Master* You are too young to be a good judge in so 
great a matter : it passeth far your learning, and theirs also 
that are much better learned than you, to disprove his sup- 
position by good arguments, and therefore you were best to 
condemn nothing that you do not well understand : but an- 
other time, as I said, I wi!) so declare his supposition, that 
you sliall not only wonder Lo hear it, but also peradventnre be 
as earnest then to credit it, as you arc now to condemn it." 

Who will not regret to learn that such a hi iter as Robert 
Recorde died in Newgate ? the Newton of the sixteenth cen** 
turv perished in a jaiU 

In a communication to the Royal Astronomical Society, the 
Rev. Joseph Hunter was the first who noticed the Ephemeris 
for 1557, by John Felld, "juxta Copemici et Reinholdi 
canones," in the preface to which he avows his conviction of 
the truth of the Copernican theory. Kow there is no precise 
date to Recorders " Castle of Knowledge," other than the 
year of its publication; and Feild's jireface is dated on the 
calends of June 1556 : there is albo prefixed to Feild*s work 
a letter by Dr. John Dee, dated the 3rd of July 1556, in which 
he also avuws his belief in the new system. But neither Feild 
nor Dee speak of their concurrence with the Copernican 
theory as anything new, and it is therefore quite impossible 
to say who of these three properly claims the priority. We 
may Uien safely award to John Dee, John Feild, and Ro<- 
BERT Recorde, the high distinction of being the first who 
adopted the Copernican system, or as Mr. Hunter would call 
them, the Proto-Copermicans of England. 

We do not find, however, many other early supporters of 
tllis theory in England. The elder Digges certainly was not, 
afthougii after his death his son professed Ids b. iiul in it*. 
The edition of the Prognostication Everlasting, ' published 

* See three [>apers by me in tiie iVlagazine ut i^apular Science, vol. 
aad iv. 
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in 1578» contains an appendix by Thomas Dlgges, entitled 
A perfite description of the CelestiallOrbes according to the 
most auncient doctrine of the Pythagoreans, lately revived 
by Copernicus, and by Geometricall Demonstrations ap- 
proved." This appendix opens with the following powerful 
and well- written passage^ whidi we cannot resist giving at 
full length : — 

" Having of late (geiitie reader) corrected and reformed 
sondry Aiultes that by ner^ligeiice in printing have crept into 
my luLher's Geiierall Prognosticuiion ; Amonge other thinges 
I founde a description or modiil of the world and situation 
of spheres ccelestian and elementare according to the doctrine 
of Ptolome^ wheieunto all Universities (led& therto chiefly 
by the auclority of Aristotle) sithens have consented. But in 
this our age one rare witte (seeing the continuall errors that 
from time to time more and more Imve bin discovered, be- 
sides the infinite absurdities in their theorickes, which they 
h ive bin forced to admit that woulde not confesse any mobi- 
litie in the ball of the earth) linth by loiiij; stiidie, painfull 
practise, and rare invention delivtied a new tlieorick or model 
of the world, shewing that the Earth resletli not in the centre 
of the wlioiti world, but onely in the center of this our mortall 
world or globe of Elementes which environed and enclosed in 
the moones orbe^ and together with the whole globe of mor- 
talitie is caried yearely rounde aboute the Sunne^ which like 
a king in the middest of all raigneth and geeveth lawes of 
motion to the rest, sphaerically dispearsing his glorious beames 
df light through al this sacred coelestiall temple* And the earth 
itselfe to be one of the planets having his peculiar and stray- 
inge courses tourning everye 24? houres rounde upon his owne 
center whereby the sunne and great globe? of fixed starres 
Keeme to sway about and tourne, albeit indeede they remaiue 
fixed. So manv waves is the sense of mortall men abused, 
but reason and deepc discourse of witte having opened these 
things to Copernicus, and the same being with demonstra- 
tions mathematicall most apparently by him to the world de- 
livered* I thought it convenient together with the olde theo- 
rick also to publish this» to the ende such noble English mmds 
(as delight to reache above the baser sort of men) might not 
be altogether defrauded of so noble a part of philosophy. 
And to the ende it might manifestly appeare that Copernicus 
mente not as some have fondly excused liim to deliver t'liese 
grounds of the earthes mobility onely as mathematicall prin- 
ciples, fayned and not as pbilosophicall truly averred, I have 
also from him delivered both the philosophicall reasons by 

FhiL Mag. S. 3. Vol. Id, No, 105. June 1840. 2 1 
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Aristotle and otliLi s produced to niaintnine the enrthes sta- 
bility, and also tiieir soiulions and insiiillciencx , wjierein I 
cannot a little commende the modestie oi thai t {Vuiloso- 

Eher Aristotle, who seeing (no doubt) llic inauiiiciciic^ of 
is owne reasons in seeking to confute the earthes motion, 
iiseth these words :~*2>0 ki$ expHcaium et^ ea qua potuimm 
facuUate. Howbeit hb disciptes have not with like aobrie^ 
naintayned the same* ThoBOiuch for nnrowiiepiurte in thig 
caae I will onelir uy there is no doubte but of a tma 
groiinde truer effects may be produced than of principles that 
are false^ and of true principles falshod or absurditie cannot 
be inferred. If therefore the earth be situate immoveahla in 
the center of the worlde^ why finde we not theorickes uppon 
tiiat grounde to produce effects as true and certain as taM 
of Copernicus? Why cast we not away those Circulos 
JEquantes, and motions irregulare, srini^c our owne philo- 
sopher Aristotle hiniselfe the light ol our Universities hath 
taught us, Sim pi ids corjioris simpliccm uportet rsse motum ? 
But if contrary it be founde impossible (the eariiies stability 
being graunted) but that we must necessarily fall into these 
absurdities, and cannot by any meane avoyde them, why shall 
we so much dote in the apparance ul our seuces, which many 
wayes may be abused, and not sufi'er ourselves to be directed 
by the mfe of Reason, whidi the great God hath given us as 
a lampe to lighten the darcknes S onr nnderrtandinge and 
the nerfit guide to leade us to the golden bnnmche of ?eritie 
aniode the forrest of erronrs?** 

Robert Tanner, in bis *^ Mirrour for Mathematinues," 
publislied at London in the year makes no allusKni ix» 
the Copemican theory: at fol« 37» he computes the nonw 
ber of miles that the sun has traTersed since the cteation at 
49»668y3 16^000 1 Dee, in his later works, does not allude to 
his former opinion, and the next notice I find is in 1596» wbea 
John Blagrave of Reading again revived the theory in its 
full sway, in his Astrolabium Uranicuiu Generate, 

Professor Whewell does not mention one English author 
of the sixteenth century as having adopted the lielicu nuric 
theory. He evidently fixes the year 1600 as the earliest pe- 
riod which received a glimpse oi the new system, and gives 
Gioiuano Brenio, a twaddling Italian vsriter, the merit of 
having hatl " a considerable share in introtlucing the new 
opinions into England." But however little eflect the writings 
of Recorder Dee, or Feilde may have had, yet the extreme 
po]3u]arity of Di|^es*8 work places the conjecture out of the 
limits of probability. Moreoveri there were doabtless sevetai 
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Copernicans vvlio never expressed their opinion in print, and 
it must be noted that Harriot had been stj led a proibunde 
OHitlieinfttlctBii'^ as early as 

In Gaxton's Yinaffe or M} roor of the Worlde," printed 
ia 1482, the world ancfits inbabitants are oompared to a large 
apple surrounded with flies* I mention this, not that it has 
any relation to the subject in handy but because I met with 
it while pursuing these researches, and because it oucht al- 
ways to be quoted in connexion with the nv^^t improbable and 
absurd tale of Sir I.-^aac Newton and the gravitation apple, which 
is gravely inserted in work after work. What a pity it is 
that no such lale has been invented to coinineniorate the dis- 
covery of Copernicus ! lor notwithstanding the prophecv of 
Rheinhold, his reputation requires it more than that of New- 
ton : — Tota posteritas grato antmo Copemici nomen cele- 
bmvity cujuslabore ei stadio^ doctrina ipsa coelestiom motuum 
propemo(hnn collapsa iternm restitute est: et magna ejus 
quoque liix^ l>ei beneficio accensa, Inventis et patefactis ab 
eo multis» quae ad banc usque statem vel ignota vel ob- 
scura." 

35. Alfred Place, London, March?, 1B40. 



LXIX. On certain Modifications (^f the Powers of Heat and 
Light rvhen transmitted through Glass* Bif Charlss T. 
CoATUup£» Esq, 

To the Editors of the Philosophical Magazine and Journal. 
Gentlemen, 

CHOULD the following observations ** On certain niodifi- 
^ cations of the powers of heat and light when transmitted 
throurrii n lass" appear to you to be a pertinent sequel to some 
ot the experiments of Professor Drajier of New Yni k, which 
are recorded in the London and Edinb. Phil. ^MaL^ tzine for 
February 18^0, they are presented to you with ihc author's 
best respects. 

In a room about 16 feet square, having a window about 
6 feet square in its eastern side» a small stove in the centre 
of its southern side, a door commonicating with a passage at 
the nortliem end of the western side^ ana a blantt wall con- 
stituting the north side, the following experiments were made. 

(a.) A small 4- ounce stoppered bottle containing a frag- 
ment of camphor was jdaced upon a table near the centre of 
the window that occupied the middle portion of the eastern 
side of the room. 

* Pierce'i Supererogation, by Gabriel Harvey, p. 190^ 

212 
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(5.) A similar botde coiitLiininn; cump!ior was jilaced ex- 
actly opposite to the first bottle, upon a stand near llie west 
wall (the stove being tbus at equal distances from each bottWy 
and not in a line between them). 

(c.) A third bottle containing camplioi was placed in the 
centre of a line drawn between the door and the window, and 
exactly opposite to thestove^ although at a distance oi about 
ISfeMfiroBtit. 

The tonpenture of the Toom wied at Its estremcs from 
44^ Fahr. to 54^ 

After three da^s the camphor m the bottle in experiment 
(a.) had cryitallned hwHttilhUy tovoidB <hoeas^ *% ttnranda 
the light. 

That in bottle^ CBcperamn t {h) toward* tbe weati •% opposite 

to the light. 

That in bottle^ experiment (c*) towards the eiat wmI wei^ 

towards the coolest places. 

There %vns certainly rnthermore ci*j*stallization towards the 
east than towards the opposite side. A little also wni nppQ- 
rent towards the north wall, opposite to the siovc. 

{<L) A clean bottle containing a fragment ul camphor was 
now placed near the window, which was covered by two glass 
receivers, leaving air spaces between the bottle and the fii'St 
and second receiver ut about ^ths of an inch. 

The caiiipiior showed no such particular tendeae^ to cry- 
stallize towards the east as it had iu experiment (a.), but it 
ciystaUiaed nteiiy anformlj all ow the upper concavity d[ 
the bottle. 

(e.) Decantem containing water were next substituted for 
the camphor bottles, and m each position the dew was in* 
variably deposited upon the same relative side of the decan* 
ter^ as tiie camp ho r hod cvystaUised when exposed in the 
stcppered bottks. 

in one of oar glass houses (for I am imibrtttnataly con- 
nected with the manufacture of glass) there is a small apart- 
ment about 9 feet long, 6 feet wide, and 7 J feet high, sepa- 
rated from the interior of the glass-house by a lath and 
plaster partition, winch is hollow within, and comprehends 
a t<jial thickness of 4^ inches. This little apartment is oc- 
cupied bv a snperintcndent ol ilie loinKlci'^ rrew. Opposite 
to a wide bench npon which this jiuiton reclines, there is a 
window througii wliich he watches the progress of the fur- 
nace. This window is so constructed that one halt of it can 
be slid behind the other half, to enable the " hiuveillant" to 
protrude his head at a moment's notice, to issue his orders. 
\rhe window is glazed with glass of -^di of an inch in thick<- 
ness. It is %^ fe^t from (be near^ point of the furnage wUch 
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emits flame, nnd 38 feet from the most distaut flame that can 
emanate from the same side nf the ftirnace. 

{/.) A lliermometer suspended Irotn :i pin fixtnl init) mio 
of the windtiw bars during tiie process oi ioumluig, and 
hfuiifing at a distance of one inch from the t^luss, exterior to 
tlic apartment, usually indicates a temperature ui Ironi IbO® 
to 1 90^ Fahrenheit, when a thermometer suspended at pre- 
cisely th« wmm diatmce finaa the ibm pane of gloaa in tb« 
Interior of the ajpartment iiidicatea only a ta mpef a tnre of 
IW>m \9CF to ISO^d' Fahrenheit A difimnoa of difltanoe 
of only two inches, when influenced by the interpoaition of a 
plate of glais onlj<j^tb of an inch thick, eflecu a difoence 
of 60 degi«aa of fempcnMve imdar Ibo oimauCaneaa atated 
above. 

[g.^ I TavHiir suspended a then no motor in a flint glass bottle 
of 5 inches in tiiameter, and placed tlic stopper loosely m sifu^ 
I placed the bottle upon a non-contluctor of heat (several 
lavcr.^ ot felt) just exleiior to this vvindow. The thermome- 
ter gradually rose, as might be expecieil, u> 178 degrees of 
Fahrenheit. It was then phiced upon the window frame, hy 
alidiog to ono aide lha mofeaUa part of the window vntd 
Chera mm Juai anffldent apace to adnnt the diameter of the 
bottle} another thermometer waa atupended roond the neck 
of the l)ottle, and aiQusted so as to hang close to that surface 
of the bottle which prssented to the interior of the apartment. 
The internal thermometer remained constant at 178 degrceSi 
and the external thermometer, which faced the interior of the 
apartment, never indicated a higher temperature than 110 de- 
grees of Fahrenheit. 

(//.) A little moisliue adhered to the interior of the bottle 
when tints itiUoducetl, and the dew became deposited upon 
that side which was most remote irom the lire. 

(f.) A bottle containing a piece of camphor was now sub- 
stitoted for that which contained the thermometer. In fear 
minutes the side of the bottle which was most distant from 
the fire became beautifully spangled with crystals of camphor* 

{k^ Cress seed which had been sown in a wooden truqgh 
supported beneath this window in the interior of the apart- 
ment, vegetated rapidly ; but although it remained constantly 
exposed to n very brilliant fire light, its appearance was pre- 
cisely similar to that which vegetated in llie dark (viz. exhi- 
biting white and atteiuuUed stenis, with pale yellow leaves). 
There was no tendency in the plants to grow towards the tire 
light. 

I believe that whensoever dew is perceived upon one bide 
only of a vessel containing watf r^ the side upon which 
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tSm dew k deposited is Me eeldesi nde^ and that light hat no 
iofluence whatsoever upon such a depositioii. Mv expcfi* 
mauls with csaspbor tend to a aimilar inference with respect 
to (lie deposition of cratals upon the sides of vessels contain* 

ing this substance. How that surface %vhicli is presented to- 
wards the sun (as in I'rofessor Draper's experiment'^) beeomes 
the coldest, is a paradoxical problem ytt to eluciduie. 

(/) If paper which has been prepared for heliographic 
purposes by a solution ( I intraie of silver be partially covered 
by a piece of crown wiudow glass, ami liieii exposed to the 
direct rays of the sun, that part of the paper which has been 
tbtts corned witt be W Ddet a d darJcar alter a few minutes' ex* 
posure, than that which has been equally exposed, bnt on- 
covered. 

The experiments which I made during the hist summer 
i^NXi the effects of sqUw light upon paper prepared with n^ 
trate of sih'er, indicated that tlie mgxiioum depth of tint en- 
sued from its transmission thron^li ordinary unstained crown 
window glass; that the next tnit in intensity was produced 
by the direct solar rays upon the uncovered, and perfectly 
exposed surface of tlie paper. The tliird in intensity, and 
almost equal to the second, was produced by the transmission 
of the sun's rays through glass of a** Waterloo blue" colour. 
The fourth, through dark violet coloured glass. 
The fiittif through purple do* 
The sixth, throngh amber do. 
The seventh, through brown yellow do. 
The eighth, through dark green do* 
The ninth, through light olive green do. 
The tenth, through blood red do. 
Tlie eleventh, through crimson do. 
Tlu^ twelfth, tlirough bright red do. 
From tlic ninth to the twelfth theie was no very remark- 
able etlcct produced by the solar rays after an hour and a 
half's exposure. 

The crown glass, the blue» the violet, and the purple glasses 
produced deep tints, wiUi which none produced from the 
other cdonred glasses conld be compared but as contrasts. 
The colours here mentioned were the only colours tried. 

There are one or two other peculiarities about crown glass 
which iK L rve notice. 

1st. Why should the colour of unannealed window glass 
be much lighter and brighter than that of similar glass when 
annealed ? 

2n(lly. The specific gravity of a specimen of very pure 
doubly-terminated quartz at Fahrenheit was 2*6577* 



The spec. grav. of Isle of Wight sand at 64- Fahrenheit wns 
9'6^i; The spec, i^rnv. of crown window glass (as made at 
jNailsea,) is 2*5S2. It^ ingredients are sand, soda, and lime. 

Now, if we leave lIiu siiux a constant quantity, how is it 
that any increase of lime, or of soda, increases the speci^c 
gravity of the rawilfing glact? 
Abj idditaon of ftlnmiiHi will prodm tlM Mme «fllbet 
In mflDtuMnng n iaowiio of Uia% or of sodoi or of olti- 
niQ% J Biean of coursi^ an inr—oo beyond the UMiil pio> 
p ortio na of cooh ingrodknt oommonly uupkapd, 

1 IiMre the hoiiov to mMfa^ 
GentlemeD, yours, 3cc. 

Wmxall, neor Dristo!, ChaKLLS TuoAMTOJI GaAXMUFU 

March 4» 1»40. 



LXX. On thr Mineral Structure of the Southof Ireland, with 
correlative matter on Devon and Cor?nvaU, Beigiunii the 
Eifel, % Thomas Weateb, Esq,^ F.G.S^ 

[Continued fxcm 40^ and condodaii j 

(^INCK the precedi!!^ pncres were conmiitirtl to the press, a 
^ paper by Mr. Gnlliiii, ciitided "On ilic liue Order and 
Succession of the Older Stratified Rocks in the neighbour- 
hood of Killarn^y and to the north of DuhUn^^'* haa reached 
hands. In reference to the Ticmage of Killaraqri I feel 
it ucumbent on me to ofler a few remarks. 

I think it unfortunate that Mr. Griffith should persevere in 
placing in the same parallel, and designating by the nme 
name, two series of strata which by nis own showing are 
clearly in a different order nnd in a diflcrent position ; thus 
pursuing the same course in Kerry as in Waterford, alike 
prociuctivc of obscurity and confusion, by a misapplication of 
the term "old red sand.sioiie." Thus this Ibrmation, which 
is so well characleri/(id in the Slieve Meesh range (Cahir- 
conrce of Mr. Griffith), by its peculiar beds, horizontal dis- 
position, and in overlying uncoii/hrmabli/ the older stratijGbd 
rocks situated on the west (whidi ktter generally approach 
the vertical position), is placed In parallel with those beds of 
conglomerate, sandstone, quartz-rock (greywacke), and clay- 
slate, occasionally colon rrd of a reddish hue, which form 
incidentally intercalated conformaUe portions of the coosecu* 

* Load. andEdinb. Piul. Mag. for March 1840, with a plan and two 
lestioasi 
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live transition scries, and to all, or some, of such beds as the 
case may lie, when thus coloured, affixing also the term **old 
] cd s.iiiJdioue e. g., in Mucgillicuddy's Reeks, in Dunloe 
Gap, in Purple, TomieByttd GU^naa mountains, in Brickeen 
islaiid imd if uckroM peniniula* and in the Wiley of Ken* 
mare. Yet Mr« Grifiidi himself} in iiombating tbe postlioiis 
of Mr. Charles W. Hamilton, insists that the red sandslona^- 
where occorring in these localities, has been - defioeited om* 
Jbrmahly on the older slate (which latter he seems disposed to 
refer to the Cambrian or Silurian aeras), and in a descending 
order graduates impcrceplibly into that rock*, 'i'his being 
admitted, why not designate thi^ a transition red sandstone 
(as I have always done) in contradistinction to the old red 
sandstone oi the cai bouiierous epoch, found in unconjoi mable 
position} and commonly distinguished, in some parts of its 
extent at least, bjr beds of red cUrfi red marly, day^ aadnni 
slaty clay; e.g., in tfae Slieva Mecsb range and in Keny 
Head? Mucli ambiguity would be avoided by observing tlua 
difference in language. Again, after such an admission, it 
may be asked, why are these rocks, together with the lime* 
stone of Muckruss, of the islands of the Lower Lake of Kii- 
larney, and extending toward that town, blended hy Mr. 
Griffith with the cai'boniferons series? This limtsiojie widiin 
its own area not only alternates with certain beds of tlie 
older stratified rocks, the prevailin<r dip beinjr to the south, 
but in tlieir lateral extension it is enveloped by aiid interlocked 
with them, which latter relalaon is dearly proved by the posi- 
tion of the grey wacke, sandstone^ and slatynnocks in tbe nortfa* 
westem portion of Muckruss pounsula* intervening between 
the limestone of the islands on the north and that of the 
south-eastern portion of the peninsula. Mr. Griffith con-» 
ceives he has solved the question by tbe introduction of a 
Janlt ranging from Dunloe Gnp through Purple, Tomies, 
Glenaa, and the southern part ot Brickeen Island, and under 
Turk La fee to the main haul east, where it is confessedly not 
visible, chluvial matter occupying the surface. Tij is supposed 
fault does not appear to rest on any proof of actual disrup- 
tion by an up or dcnm tkraw^ or by a lateral movement, but to 
be merely an inference drawn from the dilEerence of strike 
observable between the strata that have been interrupted in 
their eastern and western continuation by the excavation of 
j)uiil( (lap or by the formation of Turk Lake or tbe Lower 
Xiake. I have seen no such dislocation in the masses extend- 
ing from Dunloe Gap through Purple, Tomies and Glenaa 

« L. & £. PhiU M^. Marcb, p. 16^ m. 
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mountatirsy to Brickeen island (beyond which to the eAst 
everything must be imnc^ninry), as is indicated in Mr. Grif- 
fith's plan and sections; nor does he clearly aver tliat hv h:is 
seen sucli himself, his iden of dislocation appenrinnr nuiinly 
to rest on a seeming uncouiorniity nrisinix from some dif- 
ferences of strike*. The wiiuJc fjut^sliun, I think, is simply 
sulvtid by two considt^rations : 1st, by the inosculation of the 
several strata, whether schistose^ congknneyated, or calcare- 
oiis» ID the Hne of their strike, wbile all dip cotifermably 
sondi; Snd, that where theimeof strike haji been irre^n- 
lariy broken through by saperfidal exeavi^tions on the exist* 
Ingdrjrkndt aa ia Donloe Oa]>, or by the intervention of 
spaces occupied by water, aa lit the IxMitfer Lake of Kiliarney, 
and in Turk Lake, thus separating and removing from obser- 
vnfum the direct continnity of strntn, if we find some difference 
ot strike in the opposite dij-mt^mlKTcd masses, it is not ne- 
cessary to imagine a fault ill the <:as(>, and to represent the 
distant strata as forminir, wlu n protracted, abutting angles 
upon such a line of iault, since a bimple flexure of the strata 
upon the line of strike exf^atns the whole matter at once. 
And this ia quite in aoeordance with the general observation 
I hacve made on the older stratified rocks of the sotidi of 
Ireland, aa possessing, when viewed on the large scale, an 
east and west strike, ycft subject to inflections firom that line, 
which are locally of greater or less extentf. The opnosite 
shores of Turk Lake, and those of the Lower Lake ot Kil- 
larney also, being thus brought into coimexion by a simple 
curvature of the strata, remove nil diftiridty, bearing in mind 
that tin- constituent strata are not persistently continufu]^, but 
inuiKKk with each other; and the same may be aHiroied 
Willi respect to the relations '\u Dunloe Gap. 

But if tlie supposed fault were even real and not imaginary, 
how ivould it prove that all the stratn north of it belong to 
one ora, and those to the south of it to another, while ana- 
logous stratB in ^e valley of Kenmare are in uninterrupted 
ccnnexion with each other, being there also included in and 
interlocked one whh the'other, and not persistently continuous 

♦ Load, and EUiub. Phil. Mag. for March 1840, pp. 1C3, 16fi, 171. 

f Geol. Trans., vol. v., second series, Memoir on tbe South ot'lrciitnd, 
^ 1.- — It is as if we were to draw a straight line to deaote (be general «aat 
ni)(l west strike, and tht-n upon this >traight line to trace an u n aula! cd one, 
the successive curvatures of which rising above and iaihng below the i>traight 
line« would express the local striken. In such a view it is obvious, that it* 
the inflect i d line be divided into fiarts, and certain intenroaing portions be 
removed, thiit the remaiinn-' 't pr-rate parts may appear to have a different 
Btriiie relatively to each otlit-r, although in fact constituting portions of 
the same serieii, as, for example, in the opposite shores ot Turk Lake. 
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beyond a certain extent? The key presented by Mr. Griffith 
does not appear to me to answer the piirpo^Cj nor can I 
perrcive the anomalv wliich he conceives to an^c frnm the 
souLlicrlv f?ip being jx rsistent ; since rtinong transition 
strata some are presented to us merely as intercalated bands 
with a corresponding dip, while others ot a similar character 
are deposited in troughs, e. g., in Nassau and lielgium con- 
trasted with the £ifel, as noticed in a preceding part of this 
paper. 

The whole subject, so fior from being of a mysterious cha- 
racter t» strikes me tm Bottdeotly elear, add wfaicb I thtnli 
may but made to appmir by merely taking Mr. ChriffldiPs own 
statements for our guide. Let nsy in the first instMioe^ MHaw 
him from the entranoe of Daoloe 6iq> on the nordi and as* 
cend CO the summit of the Reeks on the sooth; and m the 
aeoond» consider the view taken by him pr o po s e d aeetion 
dmim «ciH>ss Dingle peninsula from Brandon bs^ on the 
norths to Feiltttnnrive on the sooth } in both eases employing 
his own langu^e, more or less condensed, yet pladng the 
series under numbers for the sake of greater distinctness. 

From Dunloe Gap upward, the succession is thus given |: 

1. Reddish-irey tjuart/ose rock; coarsc-i:r;iir)ed reddisli- 
grey conglomerate; coarse-grnnied brownish-i t d slate ((]uar- 
ried for roofing slate); red quartzosc smidsidnc nltemating 
with coarse slate, the sandstone presenting occasionally a con- 
glomeritic ciiaiiicter^. 

2. Chloritic quart/.-rock, allci nating occasioiiaily with tluU 
beds of green and purple clay slate ; grey quartzose beds, alter- 
nating with thin beds of purplish daysiate. 

3. Heddisb-grcy quartWMe beds^ mtemating with thin beds 
of purplish clayslate^ 

4. H igher op, in asoendmg to the sommlls of the Coonmn 
Pesst or eastern ridge of the Reeks^ the strata beoome mora 
fed# and pass into a brick or eherr^-red qnartt-rodc with 
some beds of conglomerate^ identiesl in ookrar, eompo8idmi» 
and stroctttfe with the red sandsiono sitoated to the north of 

• LoiiU. and Kduib. Phil. Mag. for March 1840, p. lii'S. 

f llnd., p. 186. t Ibid. pp. 163 to 165. 

§ Compare this with the description which I have given of the entrance 
to Dimloc Gap, in my Memoir on the Sontli of Ireland, in ^10, in which 
I have shown thskt these suata var^ in ibeir dip between the vertical and 
the horizoutal, subject to undtthitioiM from north to soetfa. jat with s 
general dip to the south. It h here Mr. Griffith introducsi hit tmf/pated 
fault, but which, ns beforp stated, I conceive to be merely an apparent de- 
viation in the line of strike proceeding itosa an ioterrupted curv»tur» of 
the strata. 
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the (supposed) fault in tiie Uap of Dunloe, but not so 
coarse-grained*. 

The cpiigloiiierate on the top of the Keeks is perfectly 
conjut mable with the underlying sti uLa, and, in fact, a regular 
gradation may be traced from the lower or chloritic portion 
of the series through the reddish-grey into the brick-red 
quartz-rock end conglomerate. 

Proceeding now to the Dingle peninsula^ the socoesskm 
given also from north to south, namely, from Brandon bay 
to Feilaturrive, is as follows f: 

1, Dark blackish-gray claysiate, the upper beds of which 
alternate with reddish-porple slate^ some of which eontain 
Silurian Ibssils. 

2. Red slaty conglomerates, alternating with red and green 
slate and brown quartz- rock, 

S. Chloritic quartz-rocks, with alternatinfr purplish and 
reddisii-giey clayslate, similar in composilion and character 
to those of the Gap of Dunloe, and of that district generally. 

Now, on the preceding I hav« to observe^ that, as the pre* 
vailing dip of the strata is to the south, these rodcs of the 
Dingfe peoinstthi may be considered as lying deeper in the 
series lhan those which range in a more southerly parallel, 
namely, as extending from Dingle bay to the lakes of Killar- 
noy » yet the whole, on both sides of the bay, may assuredly 
be considered, in reference to their general composition, struc- 
ture, and characters, as closely related to each other, and as 
forming one secjuence ; and taken in this point of view, there 
appears no dithculty in assigning the red con^loli^erate. red 
sandstone, and red slate at the entrance u> and in JJunloe 
Gap to their proper position in the series. Mr. Griilith 
admits that in the higher parts of the Reeks (No» 4, as given 
above) the same red conglomeraCe is found as occurs below 
in the Gap of Dunloe (m* 1), the latter being succeeded by 
the chlorido quart»>roek (No. 2), which alternates with thin 
beds of green and purple clayslate^ Again in the Dingle 
peninsula we find also red slaty conglomerates (No. 2 of that 
series), succeeded by chloritic quariz-rocks (No. 3), which 
alternate with purplish and ruddish clayslate. Surely the 
analogy here is very close, bespeaking alternations ol" similar 
rocks ill a line from north to south. In the Dingle petnnsula 
the red conglomerates (No. 2) repose upon the blackish-grey 
ciuyslate ^ISu. 1 ), with beds oi reddish-purple slate, and some 

• Lond. and Edinb. Phil. Mag. for March 1S^40, p. 10.^. But the con- 
glomerate visible in fhe westf-rn ranre^ of tlic Reck*?, io Lisbtlg inountaiDy 
M fully cs coar&e-graiued as liiat ol tiic Uap of Diuiloe. 
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Silurian fossils. The imnieiliate substrata of the Dunloe red 
conglomerate, sandstone, antl red slate are not visiblo, being 
uncnriformabl^ overlaid on the north by the cnrlionil'erous 
limestone in the western (jiiartcr, and l)y the coal ionnnilon 
in the eastern; while, oik the otlici hand, the transition series* 
of the Dingle peninsula^ just described, are unconformable 
overlflM on the east by the old red eandftone of the SUeve 
Meedi range (CehlcooiiMe of Mr. Griffith) ; the difference in 
the fleras of pradtiedoa between the traasitioa eeriea aod the 
carboniferous series being thus in both cases clearly marked*. 

To the south of the strata of which we have been apeakini^ 
there is a band of blackish-grey clay9late, which may deserve 
Mr. Griffith's attention. It is traversed by the new line of 
road from Killarney to Kenmare, as it passes up by the line 
of the Upper Lake, and if duly examined might perhaps be 
found productive of fossils. This instance may suffice to 
show that there is no want of repetition of similar beds in 
a line triiveibiii«^ the series from nortii to soutli. in the 
general succession occur also weiUdefined greywacke and 
grey wacke shite^ terms which being out of lavour with some 
geologists, Mr. Griffith appears to avoid uaing^ although 
highly disdnctive and usefiil when employed in a legitimate 
sense. 

Upon the wholes I see no reason to depart from the opinion 
which I have formerly given, namely, that the limestone of 

the region of Muckrus<? extending to Killarney, is a local 
deposit enveloped and intercalated in tlic general transition 
series. And tlie same view, as to their torming portions of 
the consc c iitive series, applies to the other limestone bands 
in the south of Ireland, whether inclosed in and interstrati- 
fied with the adjacent locks, or meiely supei imposeti and 
interstraufied in the form of a trough with the subjacent 
serien. In the valley of Keninare this latter position appears 
to be estaUished by the detaUed researches of Mr. Griffith| 
which, I confess, escaped my observation. 

That among the strata in immediate association with the 
bands of limestone in the south of Ireland, some should be 
found, whether bearing the character of sandstone or clay- 
slate, containing certain vegetable remain?, cannot be held 
sufficient to invalidate the general view which I have taken; 
1st, because such remains are not wholly foreign to a transi- 
tion country; and 2nd, because it has been shown that the 
older stratified rocks of the soutli of Ireland form one con- 
secutivc i>ciies. 

* See my Geological Map of the South of Jreiaad in CieoL Thms.^ vol. 
•econd (criet. 
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LXXL On the Farm ^Eudialjte. Bi^ PrqfiMor MiusB.^ 

THE ancfle between normals to two adjacent faces ^, of one 
of the rlionibohedronb ot eudialyfce, is stated to be lOG^ 2(y 
in some mineralogical treatises, and 106* 36' in others. A 
very accurate determinalion of its form is dilliculL on account 
of the unevenness and dollness of its faces. In order if pos- 
Mble to raider It tt litde 1m iiiio«nvii| I OMMured some very 
perleet erjstals^ for which I am indebted to Dr. A. Smith of 
Dttbltn^ and also some of the best crjstali in Mr. Brooke's 
conecHon. The resulting Taloes of the angle between nor- 
mals to the faces oand;?, either given inunediateiy by ob- 
servation or computed from the angles between other pairs of 
faces, after excluding all the observations that were unsatis- 
factory on account of the largeness of their difierence from 
the mean, or tlie indistinctness of the reflected itnap^es, are 
67° 42'— 40'— 44'— -tS'— 41' ^39'— 45'— 4 1 ' - 35'— 4"i' - 4l' 
_47' — 41'— 36' — 40'— 47'— 42' — 4?'. The angles httweeu 
normals to the iaccs calculated from the mmii uf tiie pre- 
ceding values of o are 

ou 90^ 0' cu 30° Of 

oc 90 0 zz' 53 35 

oz 31 22 a-Jt/ 84 4 

o.r 50 38 pjjf 106 30 

op 67 42 ss' 116 4 

OS 78 25 lit 13 59 

ot 81 U pi 22 46 

The symbols of the forms to which the different faces be- 
long are, in the notation which 1 have adopted in my treatise 
on crystaliography, 

o {111}, c a {101}, {100}, ^ {110}, 

z {sn}, s {ni}, t {201}. 

The faces /, which occur on two of the crystals in the pos- 
se^on of Mr. Brooke, do not appear to have been observed 
beft>re« 

St. John's ColIc!3P. Cambridge, 
May 6, J»40. 

* Ck>nuaunicat«d by ilie Author. 
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LXXII. On some Phftnomena of the Voltaic dismptive Di$m 
Mt nsM SiSy 

I SHALL be mucli obliged by jour mieitioii of the iiH 
closed in the Fliilosopbical Magaibe at your earlieBteon- 
veniencc. Toors verv sinoereIy» 

To Bickard PhiUips^ Esq^ FULS. W« R. Obote. 

In the number of the BMMkiqm Umvendk A GMto 
for Marohy is published an eKtract from a letter of mine to 
Profeflsor Schanbeiny giWng an acooont of some experimeiita 
on the voltaic disruptive discharge*. In the kind and flaih 
taring remarks which follow, my friend Dr. Schcenbein €b> 
dnces a conclusion from tfaoie experiments which I had not 
Tsntured to make^ bat as many of the readers of the Philo* 
sopbical Magazine may not have aeen tlic article in qoeelaony 
I must beg leave to give a summary of its contents. 

In considering the experiment communicated to the Phi- 
losophical Magazine lor 1839, by Mr. (Tas^siot, in which he 
pointsout the remarkable difference between the heating effects 
at the anode and calhode during the disruptive discharge, it 
occurred to me that it might be due to the interposed me- 
dium, and that were there any analogy between the state as- 
sumed bv voltaic electrodes in elastic media, and tliat which 
they assume in eicciiolytes, it would follow that the chemical 
action at the positive electrode in atmospheric air would be 
more violent than that at the negative, and that if the che- 
mical action were more violent, the heat would necessarily be 
more intense. Several experiments confirmed this view : l3ie 
battety with which they were made oonsbted of 36 elements, 
each consisting of a square inch of platina foil and of sine; 
it was charged with concentrated nitric and dilute sul* 
pburic acid as in my first experiments (PhiL Mi^., May 
IBd9) and arranged in single series. 

1 cannot avoid here a abort digression as to the csconomy 
of this combination : this little battery required a pound of 
nitric and an equal weight of sulphuric acid f to charge it; 
and thus for the expense of nl)out a shilling T cniild experi- 
ment for 8 or 9 hours without iresh charge ; the arc of light 

* After writinii that letter I had deteradned to ddaj the paUioBtioa of 
the experiments, in order to add to them tome othen^ but these ba?e been 

t The dilute sulfjimricacid should be of tip. gr. 1*£ and four or five time^ 
the volume of the nitric ; where there is not thU disproportion between 
the cells it will be well previously to mix the nitric with one or two ncft* 

sures of dilute sulphuric acid. By {)ropcr attention to these proportions 
I obtain by electrolysis ox^bydrogen at per cuIko foot iocbidii^ 
2inc consumed, &c. 
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obtaiii9<I was 0'4< of an inch long. I am anxious to avoid the 
b9<f taste of eulc^izing my own productions^ but I think it 
ought to be generally known that space is not the only thing 

CEConomized in this comhinatinn. Professor Jacobi, wlio has 
recently written a paper on my battery, and who has wrouglit 
on a large scale, states that he has readily i'used iridium, &c. 
&c. after it has been al work for a whole day. An obvious 
point in the practical oeconomy of the voliaic battery is, that 
the more intense the power of a combination the greater the 
OBOonomy, e. g. if one combination can effect with a series of 
two pair, what another can only effect by a series of 20, the 
equivalents consmned are as 1 to 10 in fiivour of the former. 

But to return : experiments made with this batteiy esta- 
blished the following points: 

1st* If zinc, mercury, or any oxidable metal constitute the 
positive electrode, and platina the negative one, in atmo- 
spheric air, while the disruptive dischar<rc is taken between 
them, a voltameter inclosed in the circuit yields considerably 
more f^as than with the reverse arrangement. 

2nd. In an oxidating n)e(]inm the brilliancy and lenorth of 
the arc are (with some conditions to be presently noticed) 
directly as the oztdability of the metals between which the 
discharge is taken« N.B. PJatina is to be regarded as slightly 
ondable when influenced by the voltaic discharge ; if this m 
taken for some time between platina points in oxygen» the 
T<dume of the gas is diminished. 

drd. In an oxidating medium the heat and consumption of 
metal is, as observed by Mr. Gassiot, incomparably greater 
at the anode th:m at the cathode. 

4th. If the disruptive discharoc be takm in dry hytlronren, 
in azot( , or in a vacuum*, no dillerence is ( >!>serval)le between 
theligliL and heat, whether the metals be oxidable or inoxid- 
able, or whether the oxidable metal consLituic the positive 
or negative electrode. 

dth. The volume of oxygen absorbed by the disruptive 
discharge taken between a positive electrode of sine and a 
negative one of pladna in a vessel of atmospheric air, is equal 
to that evolved by a voltameter included in the same circuit. 

These experiments present a remarkable analogy between 
the electrolytic and disruptive discharges. There are, how- 
ever, two important elements, alluded to in art. -^ w hieh obtain 
in the latter, and which liave liftle or no iniluence on the 
former ; these are the volaliiity and the stale of a«i;irre«j;ation or 
tenacity of the metal or eontlucling l)ody. This ia renuu kably 
shown in the case of iron. Iron in air or oxygen gives a most 

• I have not been able to cvfM riincnt in a Torrirclliaii vacuum; in a 
weU-exhau»te(i receiver, the diti^icaceb M my, was very ^ilight. 
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brilliant voltaic arc, while in Iiydrogen or a vacuum v»»th the 
same power u feeble spark only is perceptible at the niom-cnt 
of disruption. Mt rcm y on the other hand gives a tolerably 
brilliant spark in iiydrogen, azote, or a vacuum, and one more 
nearly approaching to ttiat wfiich it gives in air. Thus in an 
oxidating medium thete are three requisites for a brilliant 
discharge, viz. oxidability, volatility, and looseness of ag- 
gregatioD : in other media the two latter alone obtain; and the 
brilliant arc given by charcoal appears to depend principally 
upon the last; thus wood charcoal gives alai)ger and more 
diffuse flame than the carbon from gas retorts. 

In the following list the metals are arranged* as nearly as 
may be» in respect to the length and brilliancy of the arc 
they give in atmospheric air, the discharge being taken be* 
tween two points of the same metal : 

Potassium* Anilmony, 

Sodium, Bismuth, 

Zinc, Copper, 

Mercury, Silver, 

Iron, Gold, 

Tin* Platinum. 

Leaid» 

It has been noticed by Sir H. Davy* Dn Hare, and Mr* 
Danielt,thata certain portion of matter is projected from the 
positive to the negative electrode: the quantity thus percepti* 
bly projected is indeed very small; but I observed that when 

the discharge was taken in a close vessel the whole interior 
was lined with a pulverulent deposit, which if the vessel con- 
tained atmospheric air was an oxide of the metal employed, 
but if it contained azote or hydrogen was a reguline preci- 
pitate of tile metal. Faraday's researches have established, 
that in electrolysis a voltaic current can only pass by a ilc- 
rangement of the molecules of matter ; that the quantity of 
the current* which passes* is directly proportional to the 
atomic dbturbance it occasions: he deduces from this that 
the quantity of electricity united with the atoms of bodies 
is as their equivalent numbers, or in other words* that the 
equivalent numbers of different bodies serve as the exponents 
of the comparative quantities of electricity associated with 
them. Now what takes place in the disruptive discharge? 
"When we ^ce tha dazzling flame between the terminals of a 
voltaic battery, do we see electricity, or do we not rather see 
matter* detached* as Davy supposed* by the roysterioub agency 

* However unpredicable the words quantity, current, &c. may be of an 

njjcnt imponderab!'*, t^ihI ini; no definite relation to space, these word« 
express understood functions, and it imenu impossible tO devise Others 

which would not be open to similar obj^tioQs. 
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of electricity, and thrown into a state of intense chemical or 
mechanical action ? Matter is undoubtedly detached during 
the disruptive discharge, and this discharge takes its tone 
and colour from the matter employed. Now as this separa- 
tion is ejected h}' electricity, electricity must convey with it 
either the identical quantity of matter with which it is asso- 
ciated, or more or less ; more it can hardly convey, and if less, 
some portion of electricity must pass in an insulated stale, 
or unaibociated with matter, and some with it. This seemed, 
a highly improbable effect, and these considerations, imme- 
diately deducible from Faraday's researches, led me to 
suppose that the third alternative was most probably the 
true one, and consequently that the quantity of matter de- 
tached by the voltaic disruptive discharge was definite for 
a definite current, or bore a direct equivalent relation to the 
quantity electrolyzed in the liquid portions of the same cir- 
cuit. The difficulties of testing this view by the weight lost, 
being insuperable without incurring an unjustifiable expense 
led me to have recourse to Experiment 5. Zinc having only 
one oxide whicli -ublimes when deflagrated in air by voltaic 
electricity, it should ioliow that it the particles of zinc de- 
tached were the equivalents of the matter electrolyzed in the 
same clrcQit, the quantity of oxygen absorbed by these partis 
des would be exactly equal to that evolved in a voltameter 
placed in the circuit. The experiment presented more dif- 
ficulties than I had at first anticipated : if the intensity of the 
battery was high, I frequently observed the metal, from the 
heat it had acquired, ourn independently of the discharge ; 
while if the intensity were lowered, the discharge could not l>e 
kept up without frequent contacts which gave ;i ;;us!i of gas 
to the voltameter. The following means alibrtled me the 
must uniform results. Between a po:3itive electrode of distilled 
zinc of such size as to prevent by llie couliug eifect ol its 
mass au independent combustion, and a negative electrode of 
platina, a moderated discharge was taken in a graduated vessel 
filled with atmospheric air : an average of 40 experiments gave 
me 1*17 to 1*00 as the inverse ratio between the volume of 
oxygen evolved in the voltameter, and that absorbed by tbe 
deflagration, and in several of these experiments the volumes 
were exactly equal. The nature of the experiment defied 
perfect accuracy, but considering a few unavoidable contacts, 
it appears to me lo afi'ord strong ground for presumption if 
not for conviction, that the separation of matter in the voltaic 
arc is definite for a definite quantity of electricity, and that 
the all-important law of Faraday is capable of much exten- 
sion. Uniting this view with the experiments of Faraday 
FhiU Mas* S. 3. VoU 16. No. 105. June 1840, 2 K 
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on Um idaotity of fltotridty from dtCbcont udwhli 
tiiose of FuHniori on dm •ttttwal flkctrical diicfaarge, itiMNild 
follow as a oorollary that mry dlstarbance of electrical equi- 
librittoi is inseparably ooonected with an equivalent disturb- 
ance of the molecules of matter. In the remarks of Profeswr 
Schoenbein to which I have alluded, he i^ys that my exptri* 
ments seem to prove the transmission of the current from one 
electrode to the other to be effected only by chemical action. In 
Exp. 5, I employed the diminution of oxy^n as a measure 
of the quantity detachet?, conceiving that at the intense heat 
which is produced not a particle of zinc would escape oxidation, 
and without concluclinnr that chemical action wns afisoliitelv es- 
sential to the existence ot the voltaic arc. I must at the i>aine 
time state that tlie passage of the current is, as proved in these 
experiments, materially modified by the nature of the elastic 
mLdiLuii through which it passes, and is greatly aided when 
such medium is capable of uniting chemically with the elec- 
trodes. In pure dry hydrogen, I nave never yet been able to 
mi^iitaiii a contfaraoiis arc, except with oharooali which Ibmit 
carbnvetted hydrogen ; and Davy in ceferenoe to hb expeii» 
ment of boming clwrcoal in vaeu9 statesi that a gas was fimnod 
which detonated with oxy gen ; the probabili^ is that aome 
slight portion of air obtamed access, and thns carbonio oxide 
was formed. On the peculiar relation between the electrodas 
and the elastic intermedium, I feel at present unable to give a 
clear opinion ; the sobject is peculiarly difficult; I will content 
myself with stating my present notion to be, that the voltaic 
arc bears a similar relation to common flame, to that which 
electrolysis bears to ordinary chemical actioa* 
4, Han Goort, TtMaplfl^ May 7> 1840^ 

liXXIII. On tno Norwegian CobaU Oresjrom iheSbOUm- 

der Mine, By Th. Schbbiibx.* 

TN the cobalt mines of Modum in Koi way near Cln istiania) 
are found, besides the coiinaoii cobalt glance, two other 
distinct cobalt minerals, which differ in their external cha- 
racters from the usual ore. The Aillowing are the desci^ 
tkms of these minerals:^ 

FM kind. It oeeura maasiTe as well as ciystalliaed« haa 
the lustre of arsenical iron, and exactly the same ciystilliiie 
fotm, e?en the characteristic bnushydiagonal strim. la 
hardness likewise, and also its spec. grav. = 6*2S, it does not 
difier much from that mineraL it is shown by the blowpipe 

* An extract, communicated by the Author, frani the ^**'^y^*' artitle 
publistied io PflfgpPiiocfi'*t dwaakm^ vol. ilii, p. 
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^jowcver, that it contains a considerable quantity o( cobalt; 
analyses gave the following composition: — 

1. 2. S. 



17'57 sulphur 
47*55 arsenic 
26-54 iron 
8*31 cobalt 



17*34 sulphur 
46 '70 arsenic 

20-36 Won 
9vi cobalt 



18*06 sulphur. 
46*01 arsenic 

^26'97 iron. 
8*38 cobaiU 



9.9-97 99*47 9^42 

In a ton nil analysis merely die quantities of iron and cobalt 
were detei uiiiieti, inid were found to be 28*77 iruu, 6*50 co- 
balt. In a fiflli the cobalt was 10-8. 

All these analyses were performed with quantities of dif- 
ferent cfjsta]& 

From the dtfiferenee in the r^ttve qnantities of iron and 
cobalt it follows these two netalf can remplace one 
another, wMcb is still more evident if the quantities of both 
be added together, when each time the same sum is obtained. 

1. 2. 4. 

Iron 26-54 26*36 S6*97 28*77 

Cobalt S'Sl 9'Ql 8*38 6*40 



'3i'S5 n5-S7 35*35 35*27 

The formula tor this mineral wonkl therefore be the same 
as that for ar<;enical iron, only that iroa and cobalt are 
united in the combination, viz» 



Co 
Fe 



As* 



On measuring the crystal* the fotkmiag ai^es were oIh 
tained. 

Fig. 1. Fig. 8. 






1. M:M' 

2. M : M' 
S. M : M' 

In arsenical iron it is M : M' 
Imt sikfatlj deviating. 

8K8 



111«40' 

111 49 

112 2 
111'' 58f, 



conieqiientljr 
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On iwo Norwegian Cobalt Orisjrom the Skutta-uder Mine, 

The surfaces g> ^ were found on diflPerent ciystoU to form 
the following angles 

1. ^ » 58° SO* 4. ^ tg* = 58** 28' 

2. g:p = 58 32 5.^:^= 5b 30 
8. 5r:g'=:58 29 

while in tlie arsenical iron g' gj ^ 59° 25'. 

The proportion of cobalt appears therefore, as the deviation 
aniounUi to nearly a degree, to have acted in this way on the 
crystalline form of the mineral. From its properties it may 
roost properly be called cobaluc arsenical iron. 

Second kind. This is characterized by its strong tin lustre, 
approaching e?en to that of stiver, and still more ny its high 
specific fpravily, which tm 6*78* It occurs massive^ with more 
or less distinct tessular surfaces of cleavage, and also in single 
crystals. There can be no doubt that it is the mineral de- 
scribed some yeajrs since by M. Breithaupt, under the name 
of Tessular pyrites {^aseralkies). The analysis gave, 

77'84 anenic 

20-01 cobalt. 
0*69 sulphur*. 

1*51 iron, 
trace of copper* 

100-05 

which accords pretty accurately with the formula Co As^, ac- 
cording to which the combination should consist of 

79*26 arsenic. 
20*74 cobalt. 



100*00 

if we admit that a quantity of arsenic is remplaced by sulphur 
and a quantity of cobalt by iron. 

The octahedron is constantly predominating in the crystals 
of this mineral, with suboidinate surfaces of the cube, rhom- 
bic dodecahedron and icositetrabedron. The last-mentioned 
surfiuaes are wanting in none of the crystals. I measured the 
angles made by two such surftoes with those of the octahe- 
dron and found 160° 33', whence it results that the parame- 
ters of the icositetrabedron are as 2 : ] : 2, therefore just as 
in the common tin-white cobalt {Speiskobalt), It may be 
called Arsenical Cobalt-pyrites (AnenikkobaWnes). 
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tw^k Meiak noi m amtaet. Bff nofesior J* C* Pooosn- 

DOftFF.* 

IN support of the so-called Chemical Theory of galvanism, or 
rather of thni view which places the source of voltaic clortririf y 
solely in the chemical affinity of the positive mctnl of the < Irruit, 
viz. the zinc, for the elect ro-ne^tive coiistitiient ol' the thiiil, Mr, 
Faraday has of late brought forward in an especial manner the 
thi'ec following ar^ments : — 

1. The production of a spark ou completing the junction of 

an^le drcuit. 
2w The ekctroMc law* 

3. The preponderance of a circuit pf sinc^ plating and bu1« 
phuric acid, over one formed of the same metals and a eo- 
lution of the iodide of potassium. 

With respect to the first point, the production of a spark 
on making the ronnexion between a single pair of plates, 
Faraday, in the Ki^^hth ISeries of his Experimental Researrhcf*, 
hiys much stress upon it, and for this reason ; — because it must 
have passed be/ore the metals could have come into contact, 
and thus not only proves its origin from pure chemical forces, 
but also the superiluousncss of metalUc contact for exciting 
voltaic dedaricityt; in the further progress of hb labours the 
Bngiiah pfailo«q[iher seenu^ bowever, to have aome doubt as to 
ih» laality of a wfmk oo juaotion; at least he cac pw u M hinuelf 
in his ninth seriaa in a manner whidbt induces the belief that he 
conaidera this spark to be a heating and ignition of the mer- 
cury employed in the ezpeiinient at or ij^er the moment of 
junction 

Moreover, Professor Jacobi, in an experiment porfonncd for 
the very poqiose of solvinir this doubt, in which the wire ot junc- 
tion of a Minplr. very poweriul zinc-platina circuit was interrupt- 
ed by a layer ot air only ()"()00()5 inch, was not able to perceive 
the least sign of the passmg of a spark at the place of dis- 
junction §. And recently Professor Draper, in New York, could 
not even obaenre the spaik in a perfe^ Tacanm beftwe direct 
contact between the nuNmr^ and uiewuewbidi fimned the aic 
of junction of a simple circuit|t. 

* From Po^gandorff'i JmMkit, zluc Jsniiaiy, 1840: tnmilatod hf 

Mr. W. Francis, 
t Experimental Researches Ser. viii. |. 915. 
t Ihid. §. 1074. 

1 London and Edinburgli lUSoMplttMl fStffmmmL A p«401» 
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It can iiu ioiiger, therefore, be a question whether there is a 
true spark on junction without metallic contact; moreover, 
other good reasons render ver)' improbable the existence of the 
high tenuon requisite in the still open simple circuit*. 

The electrdj^c law is otherwise circumstanced* llie cor- 
rectness of this important law, with which Faraday has en* 
riched the science of electricity, can be subject to no doubt; 
but many well-iounded objections may be raised against its inter- 
pretation in favour of the chemical theory. The law consists 
m the fact that the quantities of the bodies decomposed in the 
single cells of the voltaic battery are in proportion to the che- 
mical equivalents. It proves that the passage of like quantities 
of electricity is iiccis.sary for the decomposition of equivalent 
masses, but nothing more. It takes no part in the question 
respecting the origin of galvanic electricity. It is equally * 
correct, whether the voltaic current ori^uiate from the contact 
of the metals, or from the chemical action on the zin(^ or fipouL 
any odier causet* 

A proof in favour of the one or the other origin might 
perhaps be drawn from it, were it exclusively pecuuar to the 
Toltaic current, which would at the same time establish quite 
an essential distinction between voltaic electricity and magnetic, 
thermal, frictional, and animal electricity. But if, on the other 
hand, it is no peculiarity^ of the voltaic electhcitj, if it is rather 

* [At tha time when th« theete of the Germsii original w«M Stat to jmm, 

Poggendorifhad not seen the collective edition of the Experimental Researches* 
in the preface to which Mr. Faraday acknowledges himself to liave been in 
error with respect to the production of the spark without contact. — W. F.] 

t The error with respect to tiring this law as an argQment has originated 
from presupposing what first ought to have hcen proved by it, that the excita- 
tioti of thr ^!^f■tri^■if^' fffi i trcl hy thr ^^oJution of the '/inc ; while in reality, 
this aolutiun, when auuiiguaiuied ziuc uad dilute tiulpUunc acid arc employed, 
]■ solely the effect, the product of the electric cunren^ and, when common nnc 
is used, arises jjartly frouj this current and in part from a pure chemical process 
entirely foreign to the circuit. It has happened this law as with the well- 
known fact thut in general the easily oxidabic melals are the more positiTe. 
A connexion between oxidability and positivenees is accordingly evident,but 
which of these is causal, this or tli :t, remains totally undecided. That it is, 
nevertheless, still continued to be interpreted in favour of the chemical theory, i« 
tiie lets justifiable, as several cases are known (and may every moment be 
increased by new ones) where the negative metal, notwitlistanding dnt H ia 
actually much more powerfully acted upon by ucida than the positive one, still 
remains negative towards this. We need only call to mind the old experiment 
of Ber/.clius (Gi76. Jnnalen, vol. xxxv. p. 27), which, it is true, De la RiTO 
conceives he has refuted, but which has long since hem ttCis&eCorily OT«inned 
by Ohm. Moreover, the fact observed by Ritter, D^v^•, mid many others, and 
which I have recently conlirmed, that amalgamated zinc, not withstanding it ia 
little or not at all attacked by dilute acid^ is in these considerably positive 
towarde.Ao to ottrily eolnble nmimalgnmnlwl iinc« d im f n tobo wecaedfina 
oblivion. 
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a property of otf elertric eamntt to deeompoae on their passage 
through a series of different fluids equivalent qnantitiet of etca, 
then aprioriy every consequent conclusion from the law with re- 
spect to the origin of voltaic electricity is impossible. That the 
latter is then actually the case, that in fact the electrol3rtic law is 
common to all electric currents, that consequently the identity 
of electricities of viirioiis ori^n (mfinifolfllv proved by Fnraday 
himself in other respects) is established with reference to this 
law also, the simple experiment, published by me last yfar, on 
the simultaneous decomposition of two portions of w;iter by 
the same magneto-electnc current, can leave not the least room 
for doubt*. 

Of the ai^guments advanced in faoar of the dumiotllheoryy 
there is now left in force for the nreeent only the third. 

The experiment npon which uiis is mainly founded consiati 
xn the fact, that two strips, one of zinc and the other of platlnay 
are separated at their extremities^ on the one side by sulphurie 
acid, on the other by a solution of the iodide of potassiiun. An 
electric current then occurs in a direction which indicates the 
preponderance of the sulj)huric acid circuit over that of the 
iodide of potassium. The iodide of potassium, which, in case 
the two metallic slips are in direct contact at their other end, is 
decomposed in such manner, that its electro-ne^tive constituent, 
the iodine, passes over to the zmc, gives it to the piatina as 
soon as metallic contact is suspended at those ends and sulphu* 
ric acid inserted there. 

Fsnulfty places tids esroeriment at the head of his xesesnslMt 
on the origm of voltaio ekctricity. He regsrds it, as it were, as 
a scale for weighing two chemical affinities, that of the oormsi 
«nd that of the iodine for the aino. Both endeavour, scoonmig 
to him, to exdte an electric current ; but that of the oxygen 
being the strongest, set«^ more electricity in movement than that 
of the iodine ; the latter is therefore overpowered, and a current 
thn*« originates in the direction of the affinity of the oxygen, 
which, at the same time, since the two metals lIo not touch, 
affords another proot of the non-necessity of metallic contact to 
excite voltaic electricity. 

The experiment is so remarkahle, and the eiq^danation ^ven 
has in rapearsnee so much |^u8ihility» that it is not to be 
wondered at if the support e rs of the chenucal theory of 
vanism have regarded it as a main prop of their opimon. 
Upon the defenders of the contact theoi^ it made, however, 
but little impression, probably firom theur believing that no 

* t^oggeudoif • Amuikn, vol* zliv. p. (il2. 
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4S8 M. Poggciidor^f o» Galvanic Circuiis camposed of 

ngnd naed b» Ind to an MPhtwd tel ijpMking appafen^ m 
&yoiir of the dieinical tiuDry, wmadwing the nuaigiw objeo* 
tioBS whioh may be ux^^ed i^dnrt It* 
In general they may liave contented tfaemaeifce wkh tUi 

otherwise perfectly correct poettioa^ that one metel^ as soon an 
it is in ooQtact with two flndsy can no longer be regarded aa n 

single metal; so^ for instance^ that in Faraday^s expetiment 
that end of the zinc-bar which touched the sulphuric acid 
would be positive towards that which was moistened by the 
solution of the iodide of potassium. This at least is the opi- 
nion which Pfafl' advances in his Revision der Lehre vom 
Galvano-VoUaisiiias^. Pfaff is also, as far as 1 am aware, the 
only ])hilosopher on the continent who has hitherto publicly 
discussed this experiment, without, however, performing more 
thaii a ineie repetition of it experimentally. 

From the great importance which, be it with justice or not, 
is assigned by the mi^onty of the philosojdwni of the piaacnt 
day to the deeislMi oMt the question leyoting the origin «f 
wnaic okctoieityy a nunn aocoiafce CKaaanniioii of tlia jpneeaa 
in HiB Famdvfan dvenh; appeared to me not to be wtSbiaek 
iraluey and I tberefawe mdertook tbe expenmenti^ <lie resuHn of 
which will be enummtad in the IbUointtg pegea aa hrio^ and 
clearly as possible. 

Galvanic circiiila of two floida and tno metafe not in contact 
may truly, as is readily conceived, be oonst m cted without m\m* 
bcr. The English philosopher has examined a few, and these 
few always romposed only nf zinc and platina with varioua 
fluids. With this slight number of cases be always obtained 
results favourable to his v\e\v. 

It appeared in the lirsl instance to me to depend on this 
oint : let it be seen whether among the great number of possi- 
Ic cases there may not be some which could not be brought 
uiuicr this view. If this question were aiHiuied by experiment 
another demand would ai*ise namely, to subject Faiatiay's ex- 
pknatioii evon for the apparently &vourable cases to a more 
Bgoroua eBnontnabon* 

Abovv all^ I oMnideTed a greater diange ^ith the metals to 
he neesBBBry, a% ftom long-known escperience in other caaesi it 
aaemed to ma highly impiobabfo that the n(|^titre metal of the 

• p. 81, It stands thore, it is true, quite reversed, tliat tlie piaLina was 
Boritiv« in tbe seid, iitd the sine negative; buf die eonnesion shows IbaC tlits 
M only founded in a permutation or typographical error. In this memotr that 
metal is always termed poMtife wliicb acta lowMrds « secMid M sSnc to os pp s c 
ia the eoouuoa ckcuiu 
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eisadi dmild let ao pMnve m p»i m is n«0ied to k aimd* 
iprto Ike diaorf aft present prevailiaff in FindmiL 

I therefore made choice of thft nx metaU : plaiina, siher, 
mfper. On, irom,9aad am§, (nmtmn ns well as dmtiUtd and amal- 

gamaied). In some cases I examined all the comhinations which 
might be formed iuto pairs from these elonionts; h\ most cases, 
however, 1 was satisfied with circuits containing zinc, iron, or 
tin, as the positive elemeut, since the tliree noble metals com- 
bined inter se prive rise only to very slight effects. All the me- 
tals were ai pure as they could possibly be obtained, and ibrraed 
plates of nearly g^vlsI size^ viz, somewhat about 3*5 inch in 
length^ and 1 inch in limdftlu 

Tlie fluidf flmplovcd wevet waUtt dilute tmip k mri o meid (actd 
«f 1*897 tpoe. gr. otlnftcd Willi 9 tints ite voiumt ci witter)» 
dihite tdtric aeid (acid of 1*321 sp. gr- with 6 times its voL of 
water), dilute hydrochloric acid (acid of 1*138 sp. gr. with 6 
times its vol. of water), saturated solution of chlorine, hquid 
caustic ammonia (of 0'97 spec. gr. diluted with 4 times its vol. 
of water), and snlutifms o£ caustic pofama (1 part in weight 
to 4 parts in ^\ eif:ht of water), carbonate of mda (1 in 3 water), 
sulphate of mai/iu:^ia (1 to 3 water), borax (sat m ated), mi//;// c/c of 
zinc (1 to 4 water), salt {mtiirB.ted)f sal-ammo mac (saturated), and 
iodide of potassium (1 part in weight to 4 iu weight of water). 
BiitiUed water was employed for Sie SDluftiocis ; bat wiicfe tiie 
valor akme was teaUd» spring waiter wias|;«Mia% made nseo( 
as ift eondncU bettar than dinllad walcf » and doeis not sensil^ 
difiar In ifts aleetnnniotivB acftion. AD the above substances ware 
as pure as possible ; thus the sulphuric aeid was free ilitoni nilrie 
acid, the hydrochloric acid from chlorine. 

The mode of performing the experiments was as follows: 

into two small glass vessels (A, B) I 
poured two of the above fluids (ff, b) to 
the height of 2*5 inches, placed in each 
a heterogeneous pair ui plates {P, A), and 
connected the ulatea <^ Uke nature by 
copper wires, at whkdi one was the wire 
of tna multiplier (m), whoae needle had to 
indtoatolif ito deflemnthe pmnee^t^ 
direction, and also eonpsnrivflily tlia tesa 
-S of the electric current. 
Two anangements, which I will here describe more fidb^ 
from their great useftilness and manifold apj)llcability in all 
galvanic experiments, served to viTvrt an easy and certnin rom- 
bination of the wires with the p]:ites: (he first, it is tnir. liiie; 
long been known to some experimentalists. They are both re- 
presented pf the actual size in the annexed Fig* 2. The first 
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oooslrti of a bond copper cylmder 
with tup tide amws. in this is in* 
aerted firom the one lide the ead of 
the oonaactiiig wire, and from the 
other the piece of wire soldered to the 
plate, or instead of that the plate 
itself which can be so cut that it iDsy 
be inserted in it. When the screwB 
are tiglitened connexion is made. The 
second is constructed of two copper plates, which can be pressed 
against one another by a screw. In order that this may be 
effected without distiirl)iii«^ the plates, the one is provided with a 
pill which fits into an aperture m the other ; this latter has also 
in the centre, on its inner side, a wed^e-shaped farri )\\ tor its 
whole length. By means of this second clamp, thin plates, to 
which it is not desirable to solder pieces of wire^ may be, as w ill 
aasUy be oomceivad, oomlnned irim nm^ fiv tihe better inser- 
tkm cf idnch the aboiveoneatiowiid ftirroar is made. The two 
elamps in tins respect serve perfectly well dl the jpurpoaeB of 
aaarauij, without possessing its numerous inconvemenees* 

In general the ouirent of a circuit of the kind described has but 
alight intensity ; nevertheleia it is alw^ peraeptible widi 
a sensitive nuutipher. Frequently it was even so eneigetie that 
tiaa magnetic needle of the instrument beat with violeDce agsioat 
tiie pins which were erected at the points 90° to prevent its en- 
tire reversion ; but often the deflections were but feeble, and in 
these cases rs]>< ( ially i always took the precaution to excliange 
reciprocally the tour plates employed for each experiment, aad 
to take the mean from all the readings. In this way, it is true, 
each experiment became lour experiments ; but this exchange 
is quite necessary, ns we never find, especially in plates ot non- 
noble metals, iron and zinc, Ivvu homogeneous to such a de- 
gree, even when cut out of the same mass, as not to produce, 
when immersed slone in a conducting fluid, a fi*equently con- 
ndsMUa cumDly wfassh might easily ovaipower that whidi 
ia Intended to be observed. 

^ Only in some cases where I was already acquainted with the 
diieotaon of the current, for instanee on repeating some exptti> 
iMnts which I had previously performed, was 1 satisfied with 
employing the zinc plates in the combination, so that their 
heterogeneity should act against the current, jinstead of exdiaiH 
ging them. If the current was merely weakened by thiSf and 
not reversed, the result can be noted as certain. 

I had hoped that ihv hrterogeneity of thr zinc wmild br less 
with the ffisfiifed metal, but found it nearly t|uiti- as Lrrcat as 

with the common zixus, and eveii» as with kitor^ inr.rfiiftiog 
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on long use in acids, so that plates which fresh were nearly ho- 
mogeneous, acuuired with time a considerable heterogeneity. 
Filing the •uxnoes Hioroughl^^ bright was the sole m«ftns of 
restoring them to their origmel state. Nevertheless I em*' 
ployed in the farther progress of my inquirieSy and on the repe- 
tition of experiments^ only distilled zmc, to he more certain. 

For a similar reason I also had reccfurse to ama^amated 
rinc. Plates of ordinary zinc, possessing a very considerable 
degree of heterogeneity, losp it in fnrt by fimnlirnmrition (pro- 
duced by rubbing them with dilute sulphuric arid and mercur}'), 
and become almost perfectly homogeneous; but they remain so 
only immediate 1\ af^r this operation, so long as the surface of 
the metal is, a.s it were, fhiid. After some time the amalgam 
hardens to a crystalline mass, generally sooner or to a greater 
extent on one plate than on &e other, and then the hetero- 
geneity again makes its appearance. The plate with the fluid 
snrfiice is in acids positive to that with tne ciystalline dnU 
appearance. By ruDomg <he latter with mercury the hetero- 
geneify may again be suppressed. iVlthough it is in our power 
to bring amalgamated zinc plates to any degree of homogeneity 
previous to each experiment, yet if did not appear advisable to 
employ solely such, as amalgamat ed / inc must in a certain depree 
be regarded as a different metal trora ordinary zinc, and its easy 
liability to change might produce disturbances. The sequence, 
however, showed that in general it affords the same results as 
the non-amalgamated zinc, and in numerous cases possesses 
considerable frnvantages over the latter. 

Beddes this, no precaution was n^ected that is indispen- 
sable in this Idnd of experiments*; for instance, the dean- 
«ng of the plates after each experiment^ by imno leision in water, 

• Here amotif^ other tilings miplit be reckoned the order of immersion, Cmt 
it is a well-known fict, th it nf tiv > plates of one and the same metal, on 
beiDg immersed in u like iiuiii, liiat dipped in last is always negative to the 
ona ant inserted. 1 hAve fbund this to be perfectly tme, oat have tik«wiie 
observed that on the ccmtempornneoits imniprsion of two zinc plates in water 
slightly acidulated with sulphuric acid, several reversions in tlio direction of 
the current arc produced ; for instance, in the first momenta westerly deflection 
of 10*, f<d!owed by an easterly of 70**, which was soon sneeeeded by a penna- 
ncnt easterly deflection of 20'^, that gradually sunk down to 0°, and passed into 
a westerly deflection of \ sometimes a couple mure reversions occuri ed. 
After several contemporaneous takings out and immersions only the westerly 
deflection was evident. A mere knocking one of the plates against the 
bottom of the vessel, which produced an elevation of about -J- line, rendered this 
plate negative, or, causing with respect to the deflection, an increase or diminu- 
lloit in this dcmedon, sldiough but transitory. The plates employed for this 
purport were recently scoured, and at the termination of the experiments, 
which lasted nearly an hour, they had lost from the weakness of tlie nr id little 
or nothing of their b^ghtaess. Both became covered with bubbles of hydr<^ 
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drying bibukms paper, or, if it aeemed nqainlte» by nib- 
bing with saad^per, scoming with sand and acids or water ; 
although these operations are ezceediagly troublesome from 
frequent repetition^ yet they were never neg^cted. Moreover, 

thp platina was, previous to each experiment, heated over an 
alcohol lamp aiter havinp^ been cleansed, n?; it otherwise only 
produces w«2ak efiects. 1 therefore believe that the following 
results merit some confidence, especially as most of them are 
deduced from several experiments repeated on various days. 

Before, however^ communicating these results, I must still 
add one remark* 

By wbaAew eaiue the dectcidtir may be x^oduced in cir- 
euita of thia kmd, it la evident tnat there can be no doabt 
lespeotiiig the wherty that it can only occnr at the plaoea of 
oontafit of the fluids with the metals^ — since a contact of hete- 
rogeneous metals does not take place, or rather each of the two 
metRlhV slips contains two such contacts, "^hirh, from their 
being of opposite Tiatur(% must necessarily nullity each other. 
There are^ therefore, in this kind of circuits four possible places 
of excitation, two in each vessel ; and if we combiue the electro- 
motive force developed in each vessel, we have two such forces, 
e and e', which act in opposition to each other. If, moreover, 
we call r the total resietance cf the dreuit^ then, according to 
Ohm^a fimdamental law Ibr the intensity of the reaolting cmp* 

rent, we obtain the expression ^ « 

Accordingly, the ctirection of the current, t. e, the direction of 
the deflection of the needle of the multiplier, depends solely on 
the sign of the difference e^ef ; on the other hand, the inten- 
sity of the current, or the magnitude of the dcflortion, both on 
the value of the difference e — e' and on the value r of the 
resistance. The amount of the deflection of the needle affords 

en, the temporarily negative one, soittetiDcd, alwsys fo sgseater czteiit; yet 
ut lew hubblf s ascended from it. 
Amalgamated plates exhibit the larae phsenomena ; bat since in diis eaaa 
starongtr add may be employed without giving rise to any disturbance, it can 
be observed that the mere raiMDg one of the plates about one inch renders 
it considerably negative; re-immersioa again increases the negativeness. I 
obien'ed this with sulphurie acid <»f 1*827 apec. gr. diluted iritJi 9 thnea its 
volume of vmter, into which the plates were immersed to the depth of 2*5 ineb. 

These enigmatical currents are all of them, however, but of tran<iitory 
duration, and they can therefore, iu the following ex|>erimcnts, in which 
the positive metal, situated In the add, was ui mest cases immersed last, at the 
utmost have only eflected the first deflections, and then only when these were 
feeble. But iu general the hcteroc^eneity which originates for the positive 
plates from the contact with two fluids, is far stronger. At times 1 iiuve 
also convinced myself that the results were essentially the same, whether the 
positive plates were immersed aft the Mittt tiiMi orimo after the other, befera 
or after tbe n^gatiTe plalet* 
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alone^ therefore, no measure for tlie diiierence of the electro* 
motive forces here entering into action, the determination of 
which^ however, i:> the sole object ot the present inquiry. I 
have therefore, in the following expeiiments, chiefly directed 
ipy attmtkio to thfl acciaato deterni^^ 
mamdf ite nlitivt mkumtj, bein^ depvideBt en loo many 
dBtaauuimm, m onlgrghwii uppmivuMjt the migBitydii ii 

noted* 

Yorsaehnan de Hecr, in hie mlaebfo moMMr on Sleetric 
Telegraphy *y states of this numerator^ after having observed 
tiiafc it diopends on the natiifie of the metals, and not on their 

dimensions ; that its value is not altered when salts, alkalies, or 

acids, which, like sulphuric acid, or nitric acid, arc not electro- 
ly^ble, are added to the water ; but tliat it undergoes a rhanrre 
when the body which is added is itself an electrolyte, for in- 
stance hydrochloric acid» in which case the numerator would 
be smaller. 

At coiding to Faraday, who, however, is not acqiUiiiitLd with 
Ohm's theor}', this numerator would be greater, the stronger 
the] affinity of the positive metal, the zinc, is tor the oxygen, 
chlorine, or clectro-n^ative constituent of the fluid iu general ; 
it miul^ bnvefer^ be Sera oiiMmd^ titafe we pwacat at fraent 
nollung mom than approodniAte TafaiatMma mm wbadt we nay 
judge of the enenj of e diemieal affinifjr* 

Tne main mutt of my experiments nas proved in the moat 
pc^ve manatr that ike paka qf the nmerator tn (Mmf§J^ 
wm lOf or the aiaywifwrfg qf the eMroimiwe farce in ffrntral It 
tUitridf somtHmes increased, someiimes diminished, by any sub^ 
stance added to the water, be it an dectrolyte or not, and indeed 
{phich shoMhe well observed) increased for one metal combinO" 
turn, and diminished for another, kyike mm 9ubtUmee, iMid t» 
the wafer in the sajnr proportion* 

Nor have I been ahh: Iu find that this force stands i/ direct 
ratio to the enerrfy 0/ /Ar (tjfiii 'ihj In tween the positive metal and 
the negative comtilutiU 0/ the Jiuid. It is weak in cases where 
this energy must be coTtsidered as strong, and on the contrary 
strong where but a weak affinify can be admitted, Fre(/uently, 
indeed, a current ony'uialc^, aud al iunts a potvcr/ul one, where, 
to judye from ttie affinity, not the slightest action should be ex-* 
pected* 

Sufficient proofr of ihla wQI be Ibintd in the statements eon-- 
tained in the &Ilowiug Tables* 
To lender these Tables intdligibk^ it may be obaerved that 

» f ^wdoiiV Jmmim, jOti. p. ^10. 
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Uie signs of inequality express whidi of the two finidt ^« and 6, 

SI, page 480) developes tiba Btfongesfe dkwIromalTO fima 
en • pair of plitos of the metab stated at tha bead of Am 
eolimin on itmnmed m tfaa^ The ea n iieae ro n #<<g,to in* 
■tanoe^ In the space oomnum to the coimnns xincMfer, and 
iWd^'veMipi^ MM ipel^y that in oootact with zinc and 

MffT the tc'a/^ excites a gieater deotromotm lone than the 
hfdroekkrie acid; or, in other words, thai tba onrrent has a 
dim^ion as if the zinc plate in the water were positive to the 
zinc plate immersed in the acld^ the word positive being taken 
m the sense previously mentioned. 

I miirht also have added to the direction of the curreul, or 
the direction of th(^ magnetic detlections^ their mnirTiitude^, a*^ T 
always noted them carefully. But 1 have on jit ted thus, on 
the one hand, because the intensity of the cuntint is no mea- 
sure of the difference of the electroniutive forces under con- 
sideration, and also because in the present case it is at the 
same time a very variable element. In general the intensity of 
the current in this kind of dtouits is moet poweiiul in the first 
moment, and then rapidly demases ; the amount and velocilTf 
of thedeeraase vatylunreveroonaidarablf. This eanaea oiong 
other thinss that in two eases the difoence of the two fint dn- 
flecdons of the needle, to the right and to the left, may indeed 
be equal, but the magnitudes of the deileetions difier consider* 
ably. In the one case these deflections amounted perhaps to 
10'' and 8% in the other to 3(f and 28^. In general the inten- 
sity of the current only d^cends to zero, but at times it also 
increases towards the opposite side. Sometimes this reversion 
of the current takes place so rapidly, that, for r\-am])l(', the 
iii st deflection of the needle, perliaps of 50^ to the right, is im- 
mediately succeeded by one on the left of 70^. Now and then 
the intensity of the current is but feeble in the first moment, 
increases then for a time, and then <:radually sinks to zero. 
Such variations render a numerical comparison of the intensity 
of the current in the different cases quite impossible, especially 
as in general, on the repetition of one and the same experiment, 
highly different values are obtained for the magnitudes of the 
ddecdons. I have therefore merefy stated in ^enemV in the 
notes to the Tablit» when the current was especially sbung or 
feeble: when reversions of the cumnt result they are te the 
most psrt already indiosted in tibe Table by the signs of m» 
eqnali^ plaoed beneath one another* 
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filFFBRENCE OF THE ELECTROMOTIVE FORCES ON THE CON- 



TACT OF TWO MBTAL8 WITH TWO FLUIDS. 



nJ 

Nrt. ! 




Sa& 


Sir. 




Zinc. 






Gflpper. 


Tin. 


1 


Sulphuric acid («) 
Water (w) 


« >• MJ 
«<« 


a '<w 


« < tp 


* < to 


0 


Nitric acid (f) 
Water (w) 










3 


Hydrochloric acid {$) 
Water («) 


»<: 10 


»<:w 


«<: to 


« < 10 


4 


Solution of ehloiise (p) 

Water (lo) 


e>« 




€•< to 


c=r to 


5 


Solutioa of chlorine (p> 
Hydrochloric a«ld («) 


o« 


« 


c >-« 


c <« 
c > « 


6 


Caustic potash (a) 

Water (w) 




a >« 


a >• to 


a •< to 


7 


Ammonia (a) 
Water (w) 




a >-w 


a u? 


a>>io 


8 


Carboaate of loda (a) 

Water Or) 


• <w 


• < IP 


• < to 


n<w 


9 


Sulpimric acid (s) 
Borax (d) 


«> 6 




« > 6 


«> & 


10 


Sulf^viic acid ^) 
Iodide of potassiua (0 


• << 


f 


• > i 


s<: • 


11 


Hydrochloric acid («) 
Iodide of potassium (•*) 


* <: t 


» >• i 


« >• t 


«-<t 


12 


Sulpfattric add Q) 
aalHMimimiv (0 






«>2 


« -< / 



I. With platina • >> IP mnc^ Weak, already diminislibg an the BiCOttd im- 
mersion, and then «<iir atroDgcr thaa with »iivar« coppar« tini with Hm 

« < to increaaiixg. 

9. Reanlta diflbring with &Omr, tonwtimat • =s to, sometinci f > w, in 

most cases however decidedly K 10. 

3. All action feeble ; with copper however pretty* strong. 

4. With platina and copper very atroog, somewhat weaker with uiver. 
With tin an inciioatiua to c < to. 

ft. With plaltaa and copper Tery stroDg, with ttlwr wtakar, with lia mSf 
tiie first (strong) deflection c •<8, immediately succeeded by strong o». 

6. With tilver a > w atrong, aiter which, though to a slighter extent, with 
/ta the a << 10. 

7< Strongeat aActa with iihwr and aippfr* 

8. Actios feeble* strongest with platina and ctfptr* 

9. Action prettA" strong, T:\ eakcst with silver. 

10. With platina in two experiments, first <>> t very strong, which however 
rapidly decraaied and changed into •< i firflf at potcer/ul. In all the foU 
lowmg expcehaeiila* althaa|^ the pbAina waa alwiiya pwwh iort y haatadr the 

first effect was «<:tand generally vcn.' strong, sometimes moderate at the 
commencement, and on re[)cated immersion /;<cret/*irty.-— With «/wr and C<j|»- 
per action very strong, with tin likewise but opposite. 

II. WiA noa-heatod j^hrfmo, sometimes, hot very feeUa* •> Piii>tt|r nto 
a •< t. But with heated platina immediately and very ttrmf f < j» With ffl« 
wr and copper s >• t very stmn^-, wi^^h tin s ■<{ moderate. 

12. With copper the 8 ^ i ^trong^ 6tiii stronger 9<:l with tm. With a ctr- 
ciutof fniaad cofi/jer likawisea>l» 
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No. 


fluids of the degrees of conccn- 
tntion mentioned. 


Zinc. 
PUtina. 


Zinc. 
Silver. 


Zinc. 
Copper. 


Zinc 
Tin. 


13 


Hydrochloric acid (#) 


■ 

s > t 


*< i 


• 

• <: / 


« < t 




Sal>ammoniac {I) 










14 


Salt (k) 


it >• 10 




k '<w 






Water (w) 


it ir 






k $ 


15 


Salt (k) 






k ^ $ 




Hydrochloric acid («) 






k ^ I 




lb 




If ^ I 

K <. t 




Sal-ammoniac (/) 










17 


Sulphate of zinc (fi) 






r >► 6 




Borax (i) 








m >- 6 


18 


Sulphate of magoMia («) 


M>- b 


m >- b 


m >■ 6 




Borax (6) 











No. 


Fluids of tlie dep«e« of eonceii- 
iratinii uientiQiwd. 


Iron. 


Iron. 


Iron 


Iron. 


Plaiina. 


Silver. 


Copper. 


Tin. 


19 


Sulphuric acid (•) 

Water fjr) 


« < to 


« = w 


«<» 


«<I0 


20 


Hydrochloric acid («) 
Water («?) 


8 <.W 


« < IT 


5 •< to 


» < IP 












21 


Caustic potash (a) 

Water (ir) 


0 < W 


a <: to 


a<<to 


a< w 


22 


Ammonia (a) 
Water (ic) 


a < m; 




a < tp 


0 «< IP 


23 


Sulphuric acid (s) 
Iodide of potassium ft) 


»> • 




«>« 


#< 1 


24 


Hydrochloric acid {») 


#> i 




a > 


« <: i 




Iodide of potewium (0 


#<: i 




<>& 




25 


Sulphuric add («) 

Borax (6) 




26 


Sulphuric acid («} 
Sulphate of zinc (x) 






« < z 





13. With plnftna at first i slowly pa-s^in^ over into a stronger s ^ 7. 
£t2oer weak, c^per strong (although of opposite nature as with sulphuric 
add), tin very strong. 

14. Platina weak, niver and On moderate, copper itroog. 

15. Silver weak, the other metals moderuU, 

16. Copper strong, platina almost nil. 

17. PlaHM and copper pretty strong. 
16. Copper strongest. 

19. All actions feeble. 

20. Likewise : with copper strongest. 

21 . PlaHm moderate, tOMt weak, copper pretty strong, Hn verf stnmg. 

82. Sihfr weak, tin moderate, plaliiiu pretty strong, copper very atrong. 

23. Platinn '^troti<_', i^Uvfr nnd opper very strong, tin feeble. 

24. With/>ia^i"« « « ii- l" st and slowly passing into « ■< i only once ob- 
served ; subsequently always immediately With Mfcer and copper 
» >• t very strong. 

25. With ro]>j)er and /t« strong. 

26. With |>to/»iio strong, alUr which 



Digitized by Google 



JSbo ffmda, aiui of Ikff» Metaia not in Qmiact. 497 



No. 


Fluids of the degrees of coneen* 


Till. 


1 Tin. 


1 Tin. 


tntion mentioTifd. 




' Silver. 


Copper. 


27 


Sulphunc acid (e) 

Water 


j 




* >• w 


28 


Nttnc acid (») 
Water (lo) 


« <: tr 


s <: tc 


s <: 10 


29 


Hydroehlonc acid («} 

Water (to) 


* <: IP 


* < 10 


« <: 10 


30 


Caustic potash (a) 
Water (lo) 


a = IP 
a:>tt; 


fl> tr 


a>io 


31 


Amtnonia (a) 

Water (w) 




a <: «7 


a < 10 


32 


J^ulphuriL' acid (^) 
Iodide of pota^Miium (t) 


♦X 


9>i 




33 


Hydrochloricacid (t) 
Iodide of potaflsiuni (t) 


»<:f 




s>- i 



No. 


Flaidi of the dqnieet of oon- 
centration mentioned. 


Amalg. 
of 

Zinc. 
Platina. 


Aoiaig. 

of 
Zinc 
SUver. 


Amalg. 

of 
Zinc. 
Copper. 


Amalg. 

of 
Zinc. 
Tin. 


Amalg. 

of 
Zinc. 
Iron. 


Amaltr. 1 
of Zinc. 
distillc4l 
Zinc. 


34 


Sulphuric add («) 




9'<W 


a<w 


• <» 


*> w 


f <: w 






» < to 








» >- to 


»>a> 


35 


i jydrochloric acid («) 


S >• 10 


«<I0 


«<i0 


to 


« ^ 10 


s w 




Water (ir) 


* <:to 








«>-IO 


S>'U) 


3G 


Caustic potash (a) 




0>-W 


a>w 






«<< 10 




Water (w) 












a>-to 



27. With silver and royj;;* /- the ^ >- te weak, often «s tff. 

28. All weak, yet with plathui the first drflection s20^. 
29* Actions weak, the least so willi cupper. 

30. With sifoer and copper stronger than witli platina. 

31. With atbwr and piatma weak, with co/);ipr pretty strong. 

32. Silver and ropppr strong, pUitiim very feeble. 

33. With platina both the s ^ t as also the subsequent * < t weaJc. With 
mlwr and copper the « >> > very strong. 

34. In all the experiments with amalgamated zine platea theso were con> 

^■tnntly kopt in the Huids, and \\w negative plates only were taken out and 
immersed both at the same time. — With platina only tht- first deflection of 10° 
to 20* in the direction »>- succeeded by one of 90 in the direction of 
a -< v. The effect far more energetic than with wiher, capper, tm, and than 
with distilled, not amalgamated, 7:inc in similar experiments (atthoiigfa here 
as well as in No. 1 the platina had been heated to rerlness). — With tVoii im- 
mediately a very slow deflection of 20° to 30", then a tranquil increase of the 
deflection to a permanent value of 40" and above. ~With smc immediately 70** 
in the direction s ^. ir, rapidly decreasing' and jiassing into « >• lo to 20°. 

35. In this case with ptaiina the reversion evident, but raakintr its apjiear- 
ance slowly ; after repeated immersions only « <: to. — Tiu forming an excep- 
tion from No. 3, 80, 29. — With tron no incfvaaiog efiiect as In No. 34, but 
giving a strnni^er one than there. — Zine^ as in No. 34. 

36. With platina weak, with copper somewhat strnnq:rr, but vcn,' stron.^ 
with «7i'er and iron. The o <: to with tin pretty poweifui ; both ctfects weak 
with zinc. 

FkU, Ms^^ S. 3« VoL 16« No, Jime 1840, 2 L 
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No. 



37 
38 

39 



Fluids of the dflgiVM of con< 
Qfintratkui tiMMiHmm ii. 



Anialg. 

of 
Zinc 
PlatiiM. 



Anirnoaia (a) 
Water (w) 
Sulphuric acid (a) 
Iodide of i ntasaium (i) 
Hydrochloric acid (x) 
Iodide of potassium (/) 



s <: i 



Amalg. 
id 

Silver. 



Amalg. 

of 
Zinc. 
Copp«K 



_ « 



a <<f(; 
fl>t 



Amalg. 

of 
Zinc. 
Tin. 



Amalg. 

of 
Zinc 



_ ■ 

* < i 
a > t 



Ammlg. 

of ZinCt 
distiUedl 



s> » 

_ m 



>,ttiU Stranger 



37. With platina, copper, and zinc feeble, i 
with tin, and exceedingly strong with iron. 

36. Even wifh mm-Mtied platina the 9 <: i powerftil. Tha t> • also ftfaag 
wiih Hkmr and copper, less so the « <; t with With itim tiie action ex- 

ceedinprly energetic, first a rlctlcction of 40'' in tlic direction $ < i, immc>diatcU' 
succeeded by one of 90 and oscillations between 9(1' and 80° in the direction 
9 > L — With rtnc just the same, the fu bt deflection in the direction s<:i = 90', 
tha lecond in the dlrecHoii « >> 1 s 90^" followed by oscfltatioiis b cti wt q i 

+ 90 and + 7'°. 

'\9. Kvun with vnn-kealeil platina s -< i powerful, with it at least rsn m e^ 
sion. With nlver and copper action very strong. — ^With it» tJie « -> i weak, 
ilowly. and especially alter reprated immenion fMuung into 9 < i— 'Wlili 
iton only tbe first deflection of 60" to 70° in the direction a <: i, the second 
immediately in t'he direction s >- I — 90% then OSciUatiittis bom + 9(f tO 
-j- 80''. — With *»»c precisely the same. 

A eurdul glance at the fiusto ccmtaiiied m these TaUea wSk 
juitify the ecNTOctness of the poeitioiis above advanced. I will 
here draw attention to some mstinct cases which wiU estahlidi 
then more perfectby* 

[TohaeoBlimiad.] 



LXXV, On the moving the Knight aver every Square of the 
Chess-board alternately. By George "W^vlker, Atithor of 
various Works on Chess ; and Honorary Secretary ^ the St* 
George's Chess Club. 

To the Editors of the Philosophical Magazine andjoumak 
Gentlsmkm, 

\rOUR Number for the present month has just come into mj 
^ hands^ and I find it contains an interesting paper upon tha 
knight's inove> by Dr. Roget, to which my attention is pnrtkiH 
larly drawn, from the circumstance of that essay having, it ap- 
pearSf been suggested by one of my chess articles m Frasei 's Ma- 
gazine (see Fraser of March 184-0.). In that memoir, the sub- 
ject of the knight's circuitous leap was merely touched upon eu 
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passant ; ray object beiiiir onlv to p^ivc :i mctliod by w!iich 
the cavalier could be guided mechanically through liie la- 
byrinth of the sixty-tbur squares, without the director's seeing 
the buai d^ but orderinc the move from lucaiory alone ; ana 
the meaiis furnished by uic seem fully to meet the end m 
view. Dr. Roget's solution of the problem is highly inge- 
itiou8» and it has given me much pleasure to IbUowliis knight 
over the Add. The subject having been once broached in 
your scientific Journal, it is my present aim to add in some 
d^ree to the materials already contributed by the learned so* 
cretary of the Royal Society. 

Those who have not gone deeply into chess are hardly 
aware that a whole library has been written upon the knighfs 
move, and ten thousand modes are printed in which the feat 
may be performed. Many of these meliiods are coupled 
with the niu.^i curious conditions, and must have taken long 
years to perfect. In addition to the authorities quoted by 
Dr. Roget, I append a list ol woi ks and writers, exclusively 
devoteato the problem in question. That so much time has 
been well sp^t, I am not prepared to admit; although the 
matter is as fair a hobby to nde as any other species of solitary 
calculation : but attached enthuaastically as I am to the prao- 
Uoe of chess as a game, I cannot but regret the same energies 
Jiave not been applied to illustrate points more immediately 
connected with the conduct of our scientific sport. Many 
parts of chess, particularly the openings and endin^rs of the 
game, are capable of mathematical demonstration ; and to 
name one, the celebrated study of what should be the legiti- 
mate termination of the strife by King, Rook, and Bishop, 
against King and Rook only, lias been an open qucsiunt from 
earliest time, rinlidor, at the head of a strong body of chess 
scribes, considers the Rook and Bishop ought to win by force; 
while an equal number of writers entitle to authority dis- 
miss this quantum of conflicting strength as a drawn game. 
To him who shall first give a printed solution of this highly 
difficult problem, the thanks of the European chess circle 
would be eagerly and gratefully tendered ; and we should 
be proud to enrol him in the St George's Chess Club, as the 
man who had achieved a task, ron^pared with which the la- 
bours of Hercules were but as typical. 

To lay down a general principle by which the march of 
the knight may be unhesitatingly guided over the 64 s(juares 
alternately is, however dilBcult, possible to be done; and this 
witliout burdening the memory with letters, words, figures, 
or other cumbersome elements of similar machinery. Thi 
following is the best, because the most simple, of the nnme" 
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roiis different plans of action which have cotne idkIci niy ob- 
servation relntivelv to the siibiect. I take it trom the most 
voluininous work extant upoa the subjecty being the Ger- 
man treatise of Warubtiorf. 

Place the knight to commence on any sc^uaie of the board 
you please, marking such sqoare willi a nmr or ccumter to 
show it has beea luwcly and marking in a sinular manner each 
square on to which the knight leaps in suooession. The 
knight being at his post as agreed on, let his first move be to 
ifaat square from whieh^ in pk}*, be wonld command the 
fewest points, observing that if on two or more squares bis 
power would be equal, he may go indiffisrently to either of those 
squares; and that, as matter of course, a square once covered 
is not to be reckoned amongst those he commands, but must 
be cli^niissed aitogellicr as done with. Continue moving him 
on tills principle, and lie will traverse the sixty tour squares 
in as many moves; reckoning the setting liiui clown originally 
on the square ciiu:»en for tlie starting-point as the first move. 
To exemplify this, suppose the knight to start upon the 
kinifs bishop's second square. In this case his mt move 
must be of necessity to the comer; since upon the rook's 
square he would then command bnt one point, vis. the 
knight's third ; the king's bishop's second^ on whidi he start- 
ed, not to be again counted, but as a caput martuum* Farther 
explanation of matter so simple cannot be necessary. 

Permit mo, Gentlemen, to express my gratification nt 
seeing chess at length take its legitimate place among the 
higher branches of science, and its mysteries allowed to de- 
velop themselves upon your pages. The king of gann s is, 
indeed, now fully appreciated as the only l iuional niciilal re- 
creation, — the strongest auxiliary in the way of bcdentary sport 
towards weaning the ^oang from frivolous and excepdonable 
amusements, and furnishing their minds with healthy exercise. 
It has been recently enacted that chess may be ])layed in the 
Royal Institution (Albemarle-street); and f cannot but hope 
the example will be followed, until chess-boards and chess-men 
will be found placed in the hails of meeting of every learned 
and scientific association throughout the kingdom. 

I have the honour to be, 

Gentlemen^ your obedient servant, 

1, Devonshire Place. Haventock Hill, GeorGE WalKEB* 

April 1840. 

List 4^ Works and Writers abaoe referred to* 

R. Willis. Attempt to analyse the Automaton Chess-player. 
Load. IdSl. pp» 40. 
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Pratt's Philidor. Lond. 1825, 8vo. (I pass over mnny Ma- 
gazine articles, and brief notice of the kinL^ln -problem, 
in numerous works on che?s ; as well in various coUeeUons 
of a general charncter, as Gu vol's Recreations, &c.). 

Ciccolini. Del Cavalio deirli 8cucchi. Paris, Ih.'iG, Uo, 
pp. 70, and 20 large pluLcs. (This volume txents not only 
on the probkntt m the knight's iiiovt over the common 
ckefB-bnard of 64t smrBs; boi alio on tho laigor fidd of 
100 tqiuraii as arall as the cironkur boaid of 64.)* 

La Oono dU CSafallo nst tntti arli Soanlii dsUm ScMMofaieM. 
Bologna, 1766, 4to. 

Colllni. Section du pmbldme du Cavalier^ kc* Maaheimi 
1778, 8vo. pp. 62. 

Essni snr Jes piobUmes de sitnation. lioueii» 17859 8vo. 

pp. 74. 

Der Ko^selspraog, &0. bei Eduard BiUig. I8SI9 244no* 
pp. G4. 

Wamsdorf, H. C. von. Des Hooiselsprunges, &,c iSclmmi- 
kalden. 1823. 4lo, pp. 68. 

Lettie adramfa aux anteors du Jonnial En^olc^^dique snr 

on Ptbbltee de I'Echiquier. Prague, 1778* 
J>i^Iinger, M vefwdiiedflne Artan deo Springer* 8ce* Wieo» 

1806, 8vow 

Netto das Sebadnpiel And numerous other German wrtteis. 



LXX VL Memoir on the Lew qfSubttihaumSf and the Theory 
of Mechanical Types. By VL Dumab. 

[Continued from p. 447.] 

Mechanical Types* 

A FTER having verified in a manner which satisfied my own 
conviction^ the existence of certain chemical types, I tried 

the general application of this theory of types to all the 
kf^own series ])rc>duced by substitution, and last 3'ear at ilie 
Sci oul of iMedicioe 1 made this system of ideas the basis 

of my lectures. 

But always constant to the expci initiital progress of the 
science, and wishing never to swerve Ironi it, I asked myself 
whether it was necessary to class together bodies having the 
same formula, produced by substitutbn, but essentially di& 
i^rent in their most prominent chemical properties ? 

I said, the bodies produced by substitution are divided into 
two difierent cbsses: some evidently baioo|( t||e $tmib 
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genus, to the ^mne chemical type: the others could not take 
their place there. \\ liuL place can be piopuil^ ussigned to 
these Kinds of bodies ? 

We have not to watt long for a replj, and it carries the 
law of substitutions to a degree of generality and importance 
which it does not belong to me to develop faere» bnt which 
the order of ideas obliges me to indicate. 

The admirable work of M. Regoault on the sethers has 
indeed given an unexpected development to the theory of 
types. There is notliing more natural than to class in one 
genus bodies which approach so near as acetic acid and chlor- 
acetic acid : but there must be good reasons for admitting 
that there is a true analogy between 

Marsh gas a WW 

Methylic fither C O H« 

Formic acid , C H« 0» 

Chloroform H« Ch« 

Bromoform O Br« 

Iodoform C Ti l' 

Perchloridated methylic aether C"* O Chfl 

Hydro-chlorate of methylene C* Gh* 

r ch* 

Chloridated hydrochlorate of metbylene < 

C Ch^ 

Bichloi K lilted hydrochlorate of methylene < ^|^« 
Chloride of carbon C Ch' Ch^ 

Amongst these bodies, to which, \. itlioui forcing anything, 
we miglit add prussic acid atul Htiiinunia, we meet with acids, 
bases, neutral bodies, and consequently substances the most 
unlike in an ordinaiy chemical view. 

M* Regnault admits, and, he purposes to prove^ that all the 
bodies so unlike^ chemically speaking, which this series con- 
tains, that all those which can be united in analogous series, 
have this in common, ihat they belong to the same mechanical 
system. 

I repeat that it is not for mc to explain views which 
will be explained hereafter by their inventor, but I have to 
show in wliat these views difler from those which preceded 
fluMTi. to caui>e it to be felt how they complete what may now 
be called Uic general liicuiy of substituLiuus. Moreuvei> u is 
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eftsy to class these ideas iu the clearest maimer, by the three 
following propositions : — 

1. Experience prD?e8 that a body may lose one of its de- 
menu and take another in ita place, equivalent for equivalent | 
this IS the general fact of substitutions. 

2. When a body is modified in this way^ we may admit 
that its molecule has always remained intact, forming a groups 
a system in which one element has taken the place oif another 
purely and simply. 

Ill this point of view, which is filtocrether inecliaiiicai, and 
whicli is lIku ot which M. i Lct^nauit pursues the study, ail llie 
bodies produced by subsliLution present the same grouping 
and may be referred to the same molecular type, i look upon 
them as constituting a natural fajnily, 

3. Amongst the bodies produced by substitution, there are 
a great number which evidently keep the same chemical cha- 
racter, acting the part of add or of base in the same manner 
and in the same degree as they did before the modification 
they luive undergone. 

These are the bodies which I have considered as belonging 
to one chemical ^pe, as making a part of the same genu8» to 
q)eak the language of naturalists. 

Thus is explained the law of substitutions, thus do we give 
an account ot the circumstances in which it is not observed. 

Every tiuie that a body is moddiud without departing tVom 
its molecular type, it is modified according to tlie law of sub- 
stitutions. 

Every time that a body in becoming modified passes into 
another molecular type, the law of substitutions ceases to be 
observed in the action which ensues. Blue bdigo is not a 
body of the same type as white indigo ; the peiehloride of 
carbon does not belong to the type ot olefiant gas; aldehyd 
has departed from the type of alcohol ; hydratM acetic aod 
does not belong to the type of aldehyde &G. 

The Academy will observe how, in this long series of re- 
searches, which has required six years of labour and the con- 
currence of the most skilful French cheniists, we have risen 
from an obscure corner of the science, gradually and by the 
force of experience only, to the most general ideas of natural 
philosophy. 

I admit then that through all the substitutions that a com* 
ponnd molecule can have undergone, when for all its elements 
others have been substituted suocesaively, so long as the mole- 
cule remains intact the bodies obtained always Mkmg to the 

same natural family. 

When through th« effiMtof a mfafltllalioD^ a body is tram- 
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formed into another which ))re&euU» the same chemical ac- 
tions, these two products belong to tlie same geam. 

AlcohoU hydrdted acetic acid^- cbloracetio «iud« bdong X9 
the same natural familjr. Acsetic acid and Ghloraoetic add 

belong to the same genus. 

Sim are the bases of the natural claasifioation of organic 
substances, which I shall have toon au opportunity of deve* 
lopinff before the Academy. 

Beiore going further, it is just to notice here the labours of 
the chemists \vlio have dirt^cted the science towardti the point 
of view which now occu{iics u^,. 

M. Regnault not only lakes the first place in this respect, 
hy the date ui his obi^cl'vations, but by the importance of his 
researches and with respect to the ideas he baa deduced from 
thenii we must consider this young chemist as having ad- 
vanced more than any one the state of the acienea on this 
poinL 

In my own name I can speak more freely than when I waa 
commissioned to express the opinion of the Academy, and I 
think it my duty to declare here that the views of M. Reg- 
nault are connected with physical studies of the highest or- 
der, and that they give to tlic theory of sub&titutioiis a de- 
velopment as fortunate as it was unluuked for, in its applica- 
tion to the study of tlie most iuiimate physical properties of 
bodies. 

At the same time with M. Regnattlt» two other chemiste 
well known to the Academy* MM. Persoz and Laurent» were 
also occupied in researches concerning the theory of sybatiftu- 
tions. 

One of them indeed^ M. Persoz, did not appear to occupy 
himself with the application of this theory ; but the formula 
by the help of which he endeavoured to express the composi- 
tion of a great number of mineral l)odies, agreed perlectly 
with the developments which the tlieory of substitutions re- 
ceived by degrees from expci ience. The system of lonmilai 
adopted by M. Persoz, and the views which they express in 
mineral chemistry, have then found a fortunate applicatioa 
in a great number of facts which the theory of substitutmu 
has led to the discovery of in oivanic chemistry. 

M. Laurent on his side has made a multitude of reseai'ches, 
and has published a great number of memoirs in support of the 
laws by whicli he sought to foresee and to explain all the 
phajnomena of substitutions. As we saw above that the prin- 
cipal difhcuily which is opposed to the approximation of 
acetic acid and of chloracctic acid consists in the similar iunc- 

tiou which we are compelled to attribute to chlorine and to 
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hydrogen, it is of importance to remark here, that M. Laurent 
insisted on tlie iciciitiiy of tlie function of the clilorine with 
that of the hydrogen ni bodies formed by substitution long 
before it had been positively established by experience. 

It will not be ni^ object now to write tJie history of the 
theory which occupies as ; when experience shall have sounded 
all the parts in sueoession, it will be usefiii to go into the dis« 
cusston of the d priori ideas which may have often predicted 
the results. 

Thua patting aside «rrary historical questioni and stopping 
only at utcts» at the experiments which have served as a basis 

to my own convictions, in a word, consulting only my per- 
sonal impressions, I must say, that the first ro<;ults in %vhich 
1 believed I could ] 'jco<Tnise in a decisive manner the ele- 
ments of a view arrested by this subject, are those which or- 
ganic chemistry owes to M. Malaguti. In fact, we know that 
this skilful observer has recognised, that fpther, whether free 
Oi combined, may always lose two equivalents ot hydrogen 
and gain two eauivaknts of chlorine, without any of its es- 
sendal chemical characters undei^ns alteration; for its 
power of combinatimi remains exactly me same ; chlortdated 
aether then is still aether* 

My conviction became complete, when I was able to re- 
cognise the precise nature of chloracetic acid, and when I saw 
chl iorine take the place of all the hydrogen of the acetic acid, 
without modifying its cnpncity of saturation, without in any 
way altering what 1 term its Jundmnentdl properties; chlo- 
ridate<l acetic acid then is si ill acetic acid. 

It is by setting out Irorn these two facts, it is by adding 
those which M. Kegnaiilt had himself observed in the action 
ol chlorine on the liquair dcs HolLaiidaisy that I lia\ e tried to 
show that there exist, in organic chemistry, types capable of 
undergoing, without being destroyed, the most singular trans- 
formations as to the nature of their elements. 

More recently M. Regnault, in the memoir on the lethers 
which I have already quoted, givit ij; a stiii greater extension 
to those views, considered the bodies formed by substitution 
as belonging to one mechanical system. We may wart with 
confidence for the developments which he promises to give to 
these first views. 

(To be continued.] 
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LXXVIL On an apparenl Inversion of Perspective, in viewing 
Objects loitk a Telescope. Ih/ James D. Forbes, Esq,, 
F,R.S., Professor of Natural PhiLosophij in Lkc University 
of Edtnburg/i.'* 

IN October last. Sir John Robtson directed my attention 
to a curious unuiiialy in the apparent perspective of ob- 
jects seen through a telescope which had been first mentioned 
to him by Mr. Whitwell. 

It consists in a complete seeming inversion of the true in- 
clination of two horizontal lines towards a vanishing point 
when seen through an ordinary telescope. The top and bot- 
tom lines of a row of windows, for instance, viewed obliqud^jf 
seem^ within the limit of the field of view of the telescope to 
converge to a point on the opposite hand of the spectator 
from that indicated by the common rules of perspective, and 
bv the LKpcrietico of the nalied eye. There is no better ex- 
emplilicaiion oi ili*' fact than by viewing the figure of a com- 
mon sign-board, uoL far from the eye and considerably fore- 
shortened, witli a common pocket telescope. The letters 
appear gradually to increase from the nearer towards the 
more remote part of the inscripdon. 

That the appearance is snoi as we describe no one will 
readily admit who does not make the experiment ibr himsdf; 
but once made, the foct appears so certain as to create sur- 
prise, that it does not always strike us, and that it has not 
(so far as I am aware) been mentioned in books on such sub- 
jects. 

The first time I saw ihe anomalous appearance in com- 
pany witli Sir John Hobison and Mr. W. A. Cadell, the 
explanation which I am about to state occurred to inc as 
the true one. Not being particularly conversant with the 
subject of perspective, 1 contented myself witli stating my 
opuiiuii in writing at the time, and should probably have 
never recurred to the subject, had I not been lately requested 
to examine an ingenious paper, in which the reaUhf of this 
distortion was admitfied» and an attempt made to account for 
it by tracing the path of the hiys through the telescopic lenses- 
Conceiving these investigations to be unsattsfactoty^ I made 
one or two simple experiments, which satisfied me complete^ 
of the accuracy of the view which I had previously taken t£ 
the matter, and which 1 now proceed to state. 

The fact to be accounted for that a [Kir illelogram, 
A B C D, or a word composed of letters of cuuai heigh i, 
which by common perspective assumes to the naked eye the 

* Conunumcated hy the Anther* 
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figure A' B' G I>, when viewed through ati erecting tek* 

scope has the inclirifition of the lines thrown the other way^ 
or the surface then reseiubles the figures A" R" Cf' D"; at all 
events no one will hesitate lo alfirm that tlie letters reaUy the 
most distant seem to be iaiger timu the nearer ones 

A B 



D C 




That this singular effect is a mere optietd Uhtsion I never 
doubted: and I recently ascertained the fact by measuring 
roughly with a micrometer the apparent angles under which 
A" D" and B" C" are respectively seen ; the former was al- 
ways found to exceed the latter, in other words the telescopic 
image is reallj/ convergent in the same direction with the «n- 
magnified one, though the imagination in this case gives so 
coiiipleLeiy tlic lie to the senses, that even when persuaded of 
the deception, and with the invariable standard of the micro- 
meter divuHoni before our eyes, it is impossible to reliuquiiih 
tbepreoonceived idea. 

The cause to which I assign this eSect will appear a natural 
one to persons who are aware of the unpercenred and mo* 
mentary train of reasoning by which we arrive at conclusioDS 
apparendy almost intuitive. 

In every case in which the illusion now described is ob- 

• hit icarcdy necessary to observe that this nnomnlnns Rppennncc is 
wholly bdependeat of the position of the image m the tieiU oi view, and 
it thartfore uutopsndsalef the eoouaoa snoft of absmtion. 
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served, the spectator has previously determined by ins eye the 
real pobitiun of the plane oi the object towards which he di- 
rects his (elecnpe: and when he views that object witli a Wcv^- 
niiynig power of two, he beheves himself to be looking at ait 
oliject twice as lar^e in the same plane as !)L;(iJie: or else 
(wJiaL comes to the same thing) the bumc ohjccl before 
brought twice as near to him, but moved parallel to itself. 
In enner of these case% the vanishing point ou^ht to remain 
exaetly the same for the enlarged as for the original otject. 
KahedhetL board 4 feet long am! 1 foot high,|tbe eye expects 
to see through the telescope muguifylntf twice,'a figure similar 
to that whidi a board 8 ieet long and 2 high would pre^nt 
in the same situation^ that by a figure of if d d of which the 
apper and lower lines converge to the same point V as before; 
ut the eye reaify sees through the instrument a merely mag< 
nified image of abcd^ namely a! fi<f in which V p is 




parallel to a and eimseqiieiitly the vaniahing point V is 
thrown t^CB as far off; What most the m{tid» reasoniiy 
through the inlbrmatlon lent by the ey^ infer respecting this 

enlarged object? One of two things. Either that the sign* 
bmira so seen is really not a parallelograms but has its further 
extremity V ^ higher than the nearer one ; or else, that the 
board ts a true pttfallelogram, but that the plane in which it 
lies is more nearly perpendicular to the line joining the eye 
and the object, a plane in short which will give to horizontal 
lines a vanishing point as far beyond V as that is from d. 

The former is the case wiien we look nt an <>bject to which 
we direct a telescope after having mt ninlly toi iiiLd nn estimate 
of its position; the latter, or an erronc<):i> c^tiuiate of a plane 
of the object, occurs when a person looks suddenly through 
a telescopL j reviously pointed in an unknown direction. 

I am noL i>iiiiicienily conversant with works on perspective 
to bu aware whether such a circumstance has before been no- 
ticed, but it was new to those whom I have had occasion to 
consult. 

At all events it is very singular that it should have remained 
so long generally unknown that all objects (generally speak- 
ing) are seen through a telescope in JiSte j^erspecthtek 

The snneral principle may be thus stated in a single sen* 
tence. By. commoii pecipective^ all panUld lines in a single 
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plane, or in any plane parallel to that, have i single vanishing 
point; but the act of niagnityin'^ increases tlic distance of the 
vanishing point in iln^; same ptupui tiun as it dots tlie ap- 
parent dimensions ol the object; consequently the magnified 
object is not seen in true perspective for its own plane. 

Edinburgh, March 13, 1940. JaICES D. FoRBB9. 

Postscript. — A casual circumstance broncrht to my recol- 
lection a few (laysaj^o an optical illusion mentioned (if indeed 
it was not siio wii) to me some years since by Sir David Brew- 
ster, the nature of which I could not perfectly recollect. 
Having applied to Sir David Brewsteri Be obligingly referred 
me to the £dinbur£;h Journal of Science * for a notice of it, 
when it proved^ as I expected) to be referable to the principle 
I have just been applying, 

A field,** says Sir David, " may be so situated, that " 
(from the perspective of the furrows or drills upon its sur- 
face) " when seen througli the telescope it appears like a per- 
pendicular or vertical ijoall of earth. This piia.'nomenon we 
have often seen in directing a telescope to a field above Mel- 
rose Abbey on the northern acclivity ol the nortli-west 
Eildon Hill. This field is capable of being ploughed in the 
direction of its greatest declivity; but when it is viewed 
through a telescope, the slope is such that the Jurraws do not 
appsar io converge^ and the eye cannot readily perceive any 
difference between the breadth of the furrows at the remote 
end of the field and their breadth at the near end. The ob~ 
server therefore Immediately concludes that the field must be 
nearly in a vertical plane rising in front of him. This de- 
ception is a very remarkable one, and produces a singular 
eU'ecl on the mind when the field is covered with a crop, and 
wlien crows, &c. light upon it." 

A more perfect illustration of the second form of the optical 
illusion which I have described could not be desired. Every 
one knows how imperfectly the eye estimates the acclivity of 
a plane in fail view. The parallelism of the ridges u taciUy 
assumed, and as their apparent convergence diminishes ex- 
actly in proportion as the magnifying power of the telescope 
increases, the mind is forced to the conclusion that the plane 
b more nearly perpendicular to the line joining the eye and 
any point of it, than it really is. 

Hence it appears that Sir David Brewster noticed and 
publislii (I ioiirteen years ago one case of the curious obser- 
vation ot Mr. Wiutwell. 

March 17* ISiO' 

Ttrii Series^ iii» p. 88. 



Digitized by Google 



[ 610 ] 



LXXVIIL — On the llcat of Vapours and on Astronomical Hefrac- 
lions. Bj/ John Willi am Luhbock, JCs<j.y Titus. U.S. F.ILA*^. 
and RIj»Sf Vice- Chancellor of the Universiti^ of London^ ^c* 

[Continued from p. 441.] 

ON THE PRESSURE OF STEAIC. 

TH£ most accurate and extensive experiments by which the ao> 
curaqr of these relations can be tested are those which have been 

made upon the conditions of steam. Tlie foUowing are the experi- 
ments of Arago and Dulong, as recorded in torn, x. of the Mcmoires 
de ^Instituty p. ^3 1 ; tocretiier with the temperatures calculated by 
the best empirical i'ormulce^* 



ii 

■ o 

. > 


Elasticity 
cn mdtrei 
de met- 


cn at. 
ino«>b. de 


1 

1 

Tcmp^. 
rature 
obte«fi<. 


Temperature 
calrult'o par 
l:i forimilo 
dcTKdgold. 


Temperature 

calculi par 
la forniulc 
de Roche 

. If m ■ - 

cim* miyeDa 


Tenopirmture 

CalCulcC DAT 

la fonnule 
deCoiioU*. 


Temperature 

cak-ulfe par 
la fonnuk' 

adcfttec. 








Cent. 


Cent. 


Cent. 


Cent. 


Cent, 


1 


1*62916 


214 


12^-7 


123°-54 


188*58 


]23''-45 


12#»7 


3 


2-1810 


2-8705 


133-3 


133 54 


133-43 


133^4 


182-9 


5 




4*5735 


149-7 


15U-39 


150-23 


150-3 


149 77 


S 


4M383 


6-4977 


163-4 


16406 


1 r,3-y 


1(14-1 


Ui3-47 


9 


5-6004 


7-3755 


168-5 


169-07 




i<;y-3 


U)8-7 


15 


8-840 


U-632 


188-5 


188-44 


lh8-6;i 


189-U2 


188-6 


21 


13-(N>1 


17185 


206-8 


20615 


207-04 


207-43 


207-2 


22 


13137 


17-285 


207-4 


206-3 


206-94 


207-68 


207-5 


25 


14*0634 


18-004 


210-5 


209-55 


210-3 


211-06 


910-8 


28 


1S<«8]S 


91W 


918^ 


218-88 


818-01 


818-88 


918^ 


SO 


18-1894 


93*834 


S94<1S 


9sam 


888-4 


984-0 


994-02 



There are reasons which make it probable that in inquiries of this 
nature the scale of temperature as indicated by ihe expansion of air 
IS to be preferred, although the difierence between the indications 
of a mercury thermometer with that of air is not considerablCi 



The following table is given by M. Pouillet {Elemetis de Pfy- 
sii^iu;, vol. i. p. 259) lor die centigrade scale : 



Tenp6ratures Indiqules par 
1e therm, i mercure, i en. 

vt'lupix; dc vcrre. 


Tnapfiraturet indtquSe* par 
un iMtB. i air, et corrigto 
dft ta dllMatioo dtt venre. 


Volumes corr^cpondatii 
d'une memc maate d'air. 


o 

- 36 


-8<f 


0-8&0 


0 


0 


l-OOOO 


100 


100 


I<87S0 


150 


148-70 


1-5576 


900 


197-05 


1-7389 


950 


945-09 


1-8180 


300 


292-70 


2-0976 


Ebull.dumerc. 360 


350 00 


9-3196 



[* Many of the rettUts stated in the table of the French chcoiistft are absolutelj iden- 
tical with thcMe which had been published by Mr. Philip Taylor an 1898, Seelib Btftir 
in the Philosophical Magazine. First Series, yol. \ju p> 4S2^ nd tilt ■CWil|»SHyiiy iB* 
graved Tahie of bi» experineiital reiiib8»^£«r.] 
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From the above X have deduced the following Table ibi 
Fahrenheit's scale : 



lltac>tlMm< 




MRclhcm. 


AlrtheEin. 










302 


29D-7 


m 


658-9 


392 


3867 


680 


662*0 



I now proceed to determine for steam the constants y and E by 
means of the observations of Dulong and Arago which I have 

quoted in the precednig paj^e. 

For the air ihermoineter on Fahrenheit's scale the experiments 
of DuIon«^ and Arago [Mem, de I' Institute vol. x.) irive. 6 t>eing 
reckoned in Fahrenheit's scale aud from the freezing point ot water^ 



a 



= 480' 



— + a' « 814-7 
a 

i- +r= 876-4. 



p s 1 6 s 180 

= 11 -682 V = 884*7 

f = 23-934 6" = 396*4 
1 find from these observations 

[0-1 140628], 



the quantity with in brackets being the logarithm of the corre- 
dpunding number ; and hence I find 



-^-^ 1-0184 

r 



/9 = -0184* y= •98677 

B 1= 1-17602 log J? = *0704I84 H=z 6*6809. 

The pressure at the boiling point of water (212^) being unity, 

± .A- [2-065106 9] 
« 1.17602' 

so that if r Is the number of degrees on Fahrenheit's scale of the air 
thermometeri and the pressure p be reckoned in atmospheres, 



* 'X1hi( value of ^ appears to ma to be ihc only one wbicL will satbfy tlic equation. 
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^ 448S 



^.oia*_ 1.17602 

and if ^ be the density of steamy the rdad?e Toloine 

In order to a^scertain how far the new expi tsbiun here given for 
T represents tiie totalitv of the obi>ervaLions, 1 have calculated the 
temperatures correspond in to all the obser\'etl pressures in the ob- 
servations of A rago and Daiung, and the lebuiu are exhibited in 
tlie following table. 



PreMure in 
atmospheres. 



2-um 

4-5735 
6-4977 
7*3755 

17-1850 

172H50 

21-.1550 
23-8340 



Temperature. 



OfaMTved. 



Calculated. 



Merc, therm. 



Mere, theniu, 
Falur. 



Air IhtTiu. 
fakr. 



IW 
163-4 
168-5 
IBS'* 

206-8 

218-4 
^•15 



301-46 
326-12 
38i>30 

404- 24 

405- .32 
410-90 
425-12 
435-47 



2.*»h-6 
270-4 
2i»-2 
3230 
U\'9 

398- 6 

399- 5 
404-9 
418-5 
428-4* 



Air tliiTm. 
Fabr. 



Ebrror of tm. 
pvrature cal. 
culated by 
Lubbork. 



252-8 
270-1 

299-4 
32;j-2 
332-3 

398-9 

418-8 
428-5 



-^8 

~-3 

+ •2 
+ 2 

+ •3 
-1 

+ ••» 
+ •3 



The obaervations marked with an asterisk were emploTed is de» 

teruiining the constants. 

The error of the temperature calculated by the formula adopted 
by Arago and Dulong corresponding to the first observalioii is 
— '73 cent, or — 1°*3 of Fahr. I have no doubt that the observed 

temperature is in excess, and the riixroement with the rest of the 
obscrvntions is so complete, that wuhin tiiis range ot" temperature 
the li)i niula may, I think, be consickred n'^ exactly reprc^cntinjT the 
pile tiuiru 11:1- The 1 1101 s (»1 tlie iunipei uturcs, calculated by the 
various empirical expressions which have been hitiierto proposed, 
are much greater, as may be seen in the table of Didong and Arago. 
Tile following observations are those of Southern, given iu p. 172| 
vol. ii., of Dr. llobiduii's Mechanical i^iiilosopby. 
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TcmparBturc. 


1 

ErT'->r i.f ' 
temp. 


Fnmum. 


Tcmpcmture. 


Error of 
calculatnl 

ti jiip. 


ObKcrvcd. 


Calculated. 


<)l>*cr»ed. 




iMh. 




a 


•f- i 


Inch. 










<» 






1-68 


132 


131-4 


— •6 


•73 


72 


69-3 


—27 1 


6-06 


142 


141'.1 


-•7 




82 


79-.1 


- * 1 


7-85 


\a2 


1j1-« 


-•4 


1-42 


92 


8911 


-21 


9-90 


162 


i»;i7 


- 3 






1CM>2 






172 


171-H 


-•2 




112 1 


Ut>-7 




15-91 


182 


Ili2-U i 




3*67 


19» j 




-•; i 


99-80 


219 


919* 





TJw formula deviates slightly from Ui« observations at very low 
pressures* Dalton says that it is next to impossiUe to free any U- 
cjuid entirely from air; of course if anv air enter^ it unites its force 
to that of the Tapoan^^A faac a l e f fe r iiemmrs^ vol. v. p. 570. It 
must be recollected that according to theory the constants y ami 
B are the same only as long as the cheniicnl constitutifHi of the 
vapour remains the same, and they vary for different substances. 

With regard to the nature of the accurate expression which con- 
nects the pressure with the temperature, opinions have !rtliri To been 
various. According to Dr. Hobison, Mr. Watt fojuui liiat water 
would distil in vaaio when of ihe temperature of 70 , and that in 
this case the hitcnl heat of liie '-t< ;mi appeared to he about 100^; 
and sonie other expennienis made iiiui suppose that the sum of the 
sensible and latent heats i> a constant quantity. Tliis, Dr. Robi- 
son says, is a curious aiui uot improbable circumstance. SoiitliLrn, 
on the comrary, concluded iVtmi experiments on the latent licat of 
steam at hiirh temperatures that the latent heat is a constant quantity, 
instead of Uie latent heat + sensible heat being :»q. M. de Fambour, 
in speaking of Southern's view, says, Cette opinion a paru plus 
tationelte a quelques a»teurs» mab le premidre nous semble niis>e 
Lots de doute par les observations que nous allons rapporter.'* It 
appears to me by no means dear that Watt entertained the opinion 
here attributed to him, for in a note in tlio Appendix to Shr David 
Brewster's edition of Rabison's Mt chanical Philosophy, vol. ii. pw 
167t he professes to agree in the opinion there delivei-ed by Southern. 
In p. 166 Sontliem records three experiments, from which he ob- 
tained 1 17 1'', 1212% and 124^5% for die sums of the latent + sensible 
heat corresponding: to the temperatures or sensible heat 2-9'', 270 ', 
295°. If we tal\e tlie two extreme observations, we find a dif't rence 
in the sum of tlie latent 4- sensible heat of 74- degrees^ correspond U}g 
to a dillerence in the scn.sU)le heat of GG deirrees. 

If the conditions under which Laplace outuineu the equation 

Phil, Mag. S. 3. Vol. 16. No. 105. June U tO. 2 M 
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are admitted, the value of E different from lero diinrs tbat 
tlie absolate heat is not constant ; bat the preceding tl^ny 
does not appear to me to furnish the meant of determining the 
value of Dy and hence of deciding with certainty whether the 
latent heat is constant, and whether in augmentations of heat 
the sensible heat only varies. I think there can be little 
doubt tlint the conditions assumed by Lajilace actually ob- 
tain, and tliat the liypotliesis attributed to Watt* must be aban- 
doned. The experiments recorded by Mr. Parkes in tlie 
3rd volume of the 1 ransur vions of the Society of Civil Engi- 
neers, p. 71, which show dial the (juantity of fuel required to 
evaporate a given weight of water is nearly tiie same what- 
ever be the pressure of the steam, do not seem to me to au- 
thorize a dilBferent eonelusioD* For this is predsehr wliat 
would Cake place If the lateni heat be constant, and if tlie 
quantity of fuel Teqoired to generate tbe laiini greatly exceed 
that required to generate the concomitant unswle beat 

The qnantity y has never befttre been detemined for 
steamf or for the vapour of any liquid, properly so called, 
as iar as I nm aware. It may excite surprise that the value 
of y should come out less than unity. Both Foisson and 
Dulong assert that it is evident that y must surpass unity, 
but the reason which they assign appears to me inconclusive. 



LXXIX. 0)1 the Combinations of Carbon rcith Silicon and 
JroHy and ot/irr Metah, forming the different Species of Ca<l 
Iron^ Steely and MaUeablc L on, l)r. C. Scuafmaeutl, 
of Munich. 

[Condnued from p. 434.] 

^T^HE brown reridonms of all white ironSf when besled wiA 

^ hydrochloric acid before ignition, parted widk thm irOB 
with extreme difficulty. In one trial after boiling the mixture 
in a botde whose neck was shut np with a capillary tube ; first 
no apparent change took place, and only hydrochloric acid 
escaped; after boiling an hour the contents of the bottle began 
to become thickish, a disagreeably sin^'lling gas escaped, which 
when ignited burned with a small but iotensdy blue-cokmred 
flame. 

* Mr. Sbmrfm hu t m in U mmi thv mmm DfAuum m Ac ted voLX At M» 

dit&ter Memoirs. See Dr. Thomson's Outline of Heat ami Elasticity, p. If-S. 

t *' Quant a la valeur de y, elie nous ct( jiuqu'a pnseot u>ui-4-i«it UkcoO' 
nue."— Pomon, Mcc., torn. ii. p.6»2. 
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After boiling tor nioretlmn twenty-four hours, 20*4 gram» 
left a dark-green lesiclunin, wcigliiuf^ only 2 64 frrains, and 
this residuum burnt in a dried stream of air in a horizontal 
glass tube, blackened with the first action of heat, and drops 
of water collected on the upper part of the tube. After tne 
water was driven into its receiver, brown spots lemained on 
the glass ; the drops of water collected smelt as if impregnated 
with tobacco-smoke^ and the gas which escaped from the ap- 
paratus for collecting carbonic acid bad the same smell. 

I collected carbonic acid 0*954: water 0*338: and there 
remained white silicon = 2-35. 

For 0-9.5 1< carbonic acid is =s O'SGS/ftl 0 carl)on; and 0-238 
water is = 0 0^6 >9 12 hydrogen. Sum ot carbon and hydrogen 
0-2901752. This last amount is only less 0 1 998848 grain and 
to account f(»r the loss of carbon, hydrogen and azote which 
passed ihrout^h the bulb glass containing the caustic ley in 
the form of the before-mentioned nicotian ic gas. 

By boiling the residuum of white iron for a short time only 
in hydrochloric acid, very little iron is dissolved, and the 
remainder assumes a greyish colour, and becomes white or 
grey after the first ignition without first glowing like tinder. 

By boiling it with caustic alkalis only traces of silica are 
extracted, whilst a species of brownish humus was dissolved, 
which I found never to exceed in amount 2 per cent.; the silica 
therefore must be contained in a chemical combination with 
carbon, azote and iron. 

A short ignition of the residuum on the contrary is suffi- 
cient to make the greatest part of the iron soluble in acids. 
If it is only heated, till it begins of itself to glow, the iron is 
dissolved by acids, and the evolution of hydrogen shews that 
the iron must be contained in a metallic state in the residuum. 
When, on the contrary, this remainder is heated as long as it 
absorbs oxygen, and then treated with acids, no evolution of 
fpM takes place, and a mixture of protoxide and peroxide of 
iron is dissolved. 

As soon as this residuum begins lo <^lo\v, carbonic acid, 
azote and a little hydrogen are invariably evolved, which 
shows the intimate connexion between the solubility of the 
iron and the carbon, azote and hydrogen in the residuums. 

Not only the evolution of hydrogen gas, but the powerful 
action on the magnet, proves, that the iron in these residuums 
must be contained in the metallic state. Even were we to con- 
sider it as protoxide, the great increase of weight, that is^ the 
absorption of oxygen, which takes place during ignition, could 
not be accounted for. But as the iron, notwithstanding its 
metallic slate^ is not soluble in adds before ignitiooj we must 

2 M2 



Digiii^cu Ly Google 



516 Dr. Schafliaeuti on ike Different Speeia of 

assume that il»c metallic iron is in combination with carbon, 
azote and hydrogen, or perhaps in a state forming a sort of 
cyanet of iron. 

The relation of the quantity of constituentB of the browD 
refttdnum of the iron ia so stable and so accurately in atomic 
proportions, that we may safely conclude the quaotitj of carbon 

from the amount of oxygen absorbed. 

If we denote the increase of WLi^^ht by letter (a), the oxygen 
of silicon as (v , the oxygen oi iron by f /' . and the carbon 
by (i*), we obtain always the following sniiple formula, par- 
ticularly when we coiisider tiiat the iron is oxidized according 

• a M* 

to the above-ineDtioned formuia F F : 

In some French irons I found the rdaticms of carbarets of 
iron to the siliduret approach 

S 

If we further consider* that the white ailica only remaina 
when the iron residuum has been exposed to a number of ig- 
nitions, and tliat after only a few ignitions it remains always 
dark black, soluble neither in alkalis nor acids; we mavfuHi 
therein likewise aproot, that silicon i«^ combined chemically with 
carbon. Further, the remainder of the residuum five times 
ignited had gained 0 028 grains, after tlie black-coloured 
scales had disa])pcared ; this increase in weight can only be 
ascribed to the oxidation of those black scales, which must have 
been a metal whose oxide was white. Further, if we consider 
that the remainder of the residnum only once ignited, after 
having changed its deep-black colour to whiter and after emit* 
ting a great quantity of smoke, had only lost 0*05 11 grains ; 
we may take ail these circumstances as a certain proof that 
the silica obtained from these residuums must have been con- 
tained in the metallic state, and in combination with carbon, 
which is likewise to be suspected from its emitting bright red 
sparks when thrown into the fhutie of a candle. 

Ilavin;^ now coni-icicrcd partially by induction the relative 
couibinaiiun ol the ingredients of the residuuuii* ol white 
irons, we proceed to ascertain by experiment the quantity 
of the volatile bodies in the residuums. 

60 grains of the same Maesteg white iron, freed ISrom all fine 
powder, and treated in a retort with 4 oz. of hydrochloric acid 
of sp. gr. I'lOS, generated no spongy foam whatever; the 11- 
quid in the retort always remained transparent, and the action 
of the acid had ceased the next day. 

13'7Ii grains of this residuum* corresponding with 35 grains 



Cast Jron^ iUeel^ and Malleable Iron, 517 
of iroot gvre by eombcution in Liebig's and Dnmns^s appa- 

Carbmi . . • • 1*22^00 
Hydrogen . . . 0 0368* 
Azote 0*264 

The residuum of the same iron^ treated with hydochlorie 
acid» sp. gr. 1*14, left 

Carbon . , . 0'3862 

Hydrogen • . 0 0297 

Azote .... 0 2833 
The aciual quantity of azote and tlie otlier comilm iit caI- 
culait'd by direct cbemical analysis is shown in the ibUow- 
iDg table : — 

For 35 grains in per cent. 
Silicon . . . 0"A53 = 1-00867 
Aluniiaiun . . O'O.'iO — OVb^li 
Antimony . . 0-559 =: 1*597 10 
PhorohoriK • • 0*0S0 = 0*08553 
Suipbur . . . 0*112 s 0*32018 
Azote. . , . 0*268 0*76371 
Carbon * . . 1*505 » 4 30000 
Iron • . • • 32*038 8 91*5*^283 
hfXS .... 00*110800*31428 



35'OOOs 100-00000 
Iron of tbe works of Creuzot, departemeut de Saone et de 
Loire. Specific gravity 8 7*5:^6 ; the colour of the fracture 
dead grei/, Tmited as usual with hydrochloric acid of spe- 
cifir irravity 1*103. The evohition of hydroiren njas ctin- 
tiiiiH li lor Iburteeii dnvs. The escaninij livdroucu liad an in- 
tolerable smell, somewhat resembling tliu siiieli of selenium. 
The remainder in the retort had retained the shape of the 
fra<rinents of the iron previous to sohition. When washed 
UjkJii a filter, as soon as boilinfr water was poured npou the 
parlially dry fragment's, the aii ci)iii.uned between the pores 
of the fragments escaped witli the same hissing noise for a 
considerable ttnie^ as hydrogen escapes when hydrocbloric 
acid is poured upon iron. In 35 erains of this iron 0*32X3 
grains of sulphur were contained, and the remainder was 
= 14*880 of a yellowish-brown colour. Concentrated hy- 
drochloric acid when cold had no further action upon it; 
when boiled with the same acid for ten minutes it had lost 
4*586 grains of iron. The remainder =■ 10*294^ heated in a 
platinum crucible^ did not glow or take fire spontaneously ; 
but brought to a red heat, it at once attained a lively white 
appearance of ignition, which immedialcly aiubsided into ila 
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original state, viz. a dull red heat. After coaling it had as- 
sumed a light-gray coluui, arising ironi Llie mtermixture of 
black with white spots, some of the white spots had aggregated 
iDto rather large reddish^white lumps. It gained in weight 
s 0*795 and was very powerfiilly attracted by the magnet. 
I boiled it agiui with concentrated hydrochkirie acid and ob- 
tained a rcaiduaai = 4*917 grains. Healed on the lid of a 
platinum crucible it began to ignite spotttaneonsly, and had 
afterwards lost 0*1 2i grains. Itscolour now assumed a lighter 
g;ray appearance, and it looked more woolly and voluminous. 

It was still attracted by the magnet. The black spots nui^^t 
therefore be a compound of carbon, iron and silioony which 
could be destroyed neither by fire not by acids. 

I weighed agahi 14r'8bO grains of tlie above-niehiioned re- 
aiduum^ and boiled it witli hydrochloric acid for nearly thirty 
ainiitea. The remainder oi the powder weighed now only 
1 '68 grains, was of a dir^ ycUowitb*brown oolour* and still 
tained the well-known smell of hydrogen gas. When heated 
it did not %nitespontaneoosly* It was apparently increasing 
in bulk, and began to assome a black colour, tlirowing up 
some dust on the sides of the crucible. After the crucible had 
acquired a wliilc heat, the black colour rapidly disappeared, 
and a ht autiiul ienion-coloured powder remained, which after 
coohng, changed to a greenish yeilow,and weigh* <l \ grains. 
It consisted of 0 G87 silica, and oxide of chroiiimin ;iiid iron 
= 0*526. 1 mention these two experiments, to sliow ihe gi cat 
difference betwixt the residuums of the two remainders, boiled 
for a shorter or longer time. The remainder loses its spoo- 
taneons power of ignition the longer it is boiled in hydrochlo- 
ric actdy and the more iron that is extracted from it, no^ 
withstanding tlte powder to a certain degree always retains 
the property of spontaneously ignidng on the application of a 
certain heat, but the degree of temperature sufficient to cause 
this ignition rises higher the longer it is boiled. 

On being boiled for a short time only, nnd allerwards slowly 
ignited, the iron and perhaps silicon remain in a slate o! car- 
buret, which is unalterable either by heal or acids, and is 
powerfully aLtracleil by the magnet. I mention here the 
curious circumstance, that when, in the above-mentioned 
remainder^ which we found = 1*68, we assume, instead of me- 
tallic iron» peroxide of iron, the loss is just equal to the qnaiH 
tity of carbon contained in 35 grains of iron. 

Oxide of iron • . 0*553 

Silicon .... 0*861 

Loss ^^^^ 

1*680 
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I now proceed to show the results obtained when the above- 
mentioaed residuum is treated^ instead of acidsy witii caustic 

leys. 

i4'88 grains of this residuum, ))()\vtlered and boiled with 
strong caustic potash ley for ten luinuLes lost ()*261 grains. 
When the ley was poured over the powder it luumed like soap 
suds. A little hydrogen wai diiengaged, emitting (during 
the whole boiling,) an odoar partly reaembliag that of healed 
asphaltam and partly that of firesh peaL Soortly after the 
boiling commenced, the powder appeared to be swimiin^ in 
the clear liquid like distinct Hack scalu, etoeely reaambimg 
so-called graphite .scales, separated firom gray cast iron ; but 
when dried on the filter, those scales resumed their former 
yellowish-brown colour, nnd looked again like powder, with- 
out any trace of scales remaining; which attain confirms my 
former assertion, that all residuums of iron duiolvtd tn h^drO' 
chloric acidy are separated in scales. 

14- 019 giaii»s ul tlua boiled residuum, aftci being carefully 
heated, became dark-red brown, and bad increased in 
weight 0*000 

After the second ignition it became light 

red, and had incr«fased in weight • . 1*269 

After the third ignition it had increased 
^ in weight 0*608 

After the fourth ignition it had increased 

in wei*rht 0*296 

After liie iiftb ignition it had increased in 
weight 

After being boiled in hydrochloric acid, only 0*6901 grains 
of a light gray colour remained. After a lively ignition it 
weiijhed only 0" 1-006 fjrains, which consisted of a distinct 
mixture of white and black grains. 

Another residuum of 1 1-*S8 grains, i)oi!ed with caustic pot- 
ash Icy for more than thirty minutes, lost 0\'j25 grains. The 
reaiuuiing 14*5^5 grains, alLci being ignited liad assumed 
a light red colour, and had increased . . 1*871 

Second time 0*486 

Third time 0 249 

Fourth time 0*000 

6*606 

During the process of boiling, the leys had extracted a mix- 
ture consisting of carbon, hydrogen, azote, and oxygen, with 
a very minute portion of silica. ^5 grains of another specimen 
of Creuzot IroD^ whose specific gravity was = 7*305, treated 
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in the usual way witli hydrochloric acid, left a re&iduum 
= 12*005. When heated carefully in a plaUnom crucible, it 
began to glow, and being quickly removed from the fire, after 
cooling it became black, and had gained . . • s 0*0000 

After the second ignition it was observed to glow 
from within, and after cooling was found to be red 
within, covered with a black crust. It had gained 0'450O 
After the thinl hcatintr, a speck like a pin*s head 
only began to q;!ou . aiu! the whole nias?^ only be- 
came ignited alter the sides of the crucible were 

rctl hot, and liad gained 0*8460 

Alter the fourth ignition, ^and it had now become 

light red) 0*8108 

After the fifth ignition 0*2100 

„ sixth 0*1624 

seventh 0*1440 

„ eighth 0*0180 

ninth „ 0 0540 

tenth „ oooqq 

• 2-6949 

After being boiled with hydrochloric acid, the usual light 
gray powder remained = 1*603. When ignited, it lost 0*3500, 
and a rcddisb-v.hite powder was left anioiinting to 1*2JS 
grains. The hydrochloric acid extracted from it peroxide of 
iron, contaniinaled with a little chromium = ()'51T(), and left 
silica = 0*7853. The liydrochloric acid held in soiution 
oxide of iron and chronuuni, and the whole remainder con- 
sisted therefore of 

Iron combined with silica . 0*3589 
Iron and manganese . . . 9 370J 

Phosphorus 0*9450 

Silicon 0*355S 

Aluminum 0*0212 

Azote 0*2521 

Carbon 0*6685 

Loss OM0S58 

12*0050 

The hydrochloric acid in the retort had dissolved 

Iron 21*9549 

Chromium 0*4837 

Phosphorus . • * • • 0*1697 

The sulpburet of lead yielded 

Sulphur 

55*0000 
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Or to calculate it ceDtesimallj, 

Riliron _ _ _ 


1 *0090 




























/ 62-7282 
\ 27-556(S 

1 00-0000 



I only state here briefly, that in order to separate clirominni, 
iron, phosphorus and aliuniua, 1 proceeded in the n^unl way, 
— by nieltniL^r the first-dissolved and evapcjrated (jiiantity of 
hron to be analysed w itli carbonate of soda in a plaiinnni cru- 
cible, and dissolving the tus«:;d nmss in distilled water. The 
solution contained tite phosphoric acid, the chromium, and a 
little alumina and ftiltca; the remainder waa oxide of iron» 
silica and alumina, and a little alkali* 

The solution kept quiet for some time in a dish covered 
with paper, in ordei- to allow the manganese to separate, was 
neutralized with nitric acid and evaporated to dryness. After 
having been moistened by nitric acid and dissolved again, the 
silica was left behind. 'I'he filtered liquor, neutralized with 
ammonia, let fall a basic phosphate of alumina. From the 
ai^ain filtered liquor, acidulated with acetic acid, acetate of 
lead precipitated pliuaplioric acid, sulphuric acid and chro- 
nuum in combination with oxide of lead. 1 lydriKhluric acid 
and alcohol separated the chromium from the precipitate, 
which consisted now only of phosphate of lead, sulphate of 
lead, and chloride of lead. From the solution, freed by means 
of sulphuretted hydrogen from all traces of lead, ammonia 
threw down the chromium in the state of oxide. 

We here see a new feature in white iron; the carbon of white 
coke>iron is always combined with a constituent hitherto to- 
tally overlooked, that is, azote. No white coke-iron which I 
analysed was free from it, nor any gray iron free from alumi- 
num. 

Tne best KnulUh cast steel as well as xcootz and malleable 
iron, possesses the same property of being combined with azote, 
Mow as malleable iron produced from gray pig iron conlaius 
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nevertheless a quantity of azot% h noit Inm been teken ap 

during the process of puddling. 

Silicon is also a necessary iiigredicTu in all sorts of cast 
iron : no carbnration of iron would take place without its 
presence, and liie iron ajipears only to have dijjsolvetl the 
carburet of silicon. Silicon shares tiiis property of carbon- 
izing iron with manganese, and both are in some degree 
eqinvulcut lu each otiiei, so that in certain cases the action of 
manganese is substituted lor that of silicon. 

Such irony in which manganese is substituted partially for 
siliak bag that peculiar property of produeiM ia a oertem 
apecias of refining fire, UeH instead of malleabla iron ; it b al** 
wa^ obtained ftSm dacoonpoaed spathie ironoraa; its Iractim 
ia silver wbilc^ aad possessing a higblj large laminoiis ary- 
stalltae «truefciMFe» aod ia the welMooim ^pieg^UUen of tha 
Germans. 

To give the reader an idea of the above-mentioned curt<a»tta 
fact, I refer to the analysis of four sorts of white cast iron^ 

made by the celebrattnl chemist Gay Lussac. The first speci- 
men is white, very siiinia! to i!ie other three. It produces ex- 
cellent maiieabie irou^ but very interior steel in the direct way. 



Iron from Cbampagne. 




Si^im CdUate 

in Qtrmtxtj. 


Pbospboras ... 0-703 

Iron 96 


2-636 
0*260 
0820 

94U87 


2 690 
0-230 
0-162 
2-390 
94-328 


2-441 
0-230 
0-185 
2-490 
94 654 



Wc see in the first specimen of the cast iron of Champagne, 
which proddcea exeelient malleable iron, 0*840 of silieon vntk 
only a trace of manganese. In the second specimeo, on 
Ae contrary ) only 0^60 per eent» silicon are to bis found, bo^ 
inntradj manganese amoonting to 2*137 per cent. 

If we consider the quantity of silicon in the fint example 
as a standard, the three other specimens contain only 0*26, 
and therefore 0*68 silicon less ; now, 0*58 silicon wants 0*627 
parts of oxygen to become oxidized to silica, but the quanii^ 
of oxygen which is necessary to convert the 2*137 of manga- 
nese mto protoxide is 0*615 ; in fact, almost the same as lor 
the silicon of tht^ wcii^bt 0-58 before-mentioned. 

Tliis qnnniiiy ol manganese gives to siu h iron the property 
ot producnig $tccl immediately in the reliauig lire, instead of 
malleable iron ; anil the explanation oi lliis enigmatical pro- 
perty is given by the following fact^, of which 1 shall treat 
more largely la ^mother place. 
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The quantities of manganese and silicon are as ^?*5i to 1 ; 
now, if we fbllow the process during the transition of this 
cast iron into steel, both those bodies have to burn away with 
the same quantity uf carbon. By chemical nrndysis we find 
in the first two-thirds of the process, the quauiity of man- 
ganese very rapidly diminishing in comparison with the car- 
bon, leaving the silicon quite untouched. Osk the contra* 
rV) when manganese is replaced by silicon, this last is oKi* 
dized so very rapidly, as it is in relation to manganese onlj 
like 1 : 2*54, so that the greatest part of the siucon is oxi* 
dized when more carbon is present than is necessary to pre* 
Tent the iron from fusion at a white heat. When the carbon 
is so far diminished, that the iron begins to become suffici- 
ently solid for the hammer — all the silicon is oxidized, which 

§i\ cs-, as we fthall soon perceive, a hardness and tenacity to 
le bteel. 

Before we take k avo of these three specimens of cast iron, 
I must return to the bolution ol acclateot lead of specimen A, 
in which the sulphuretted hydrogen bad been collected. 

The precipitated sulphurei of lead» as before mentionedi was 
not crystallized in scales; on the contrary, it had a viscous 
dark brown appearance; and after some days standing, I found 
it to contain rhomboidal columns of white crystals deposited 
on the bottom of the bottles in needle-like aggregations, and 
in a vertical position on the sides. On first mspection I 
considered them as crystallized acetate of lend, but their dif- 
ficult solubility, however, in distillt'd water, iiitluced me to ex- 
amine them more closely ; and by trynig them with the blow- 
pipe, the rising copious white fumes covering the charcoal 
immediately showed tlie presence of antuuujiVj and the well- 
known yellow ring around the crystals on the charcoal 
plainly Signified the presence of lead. The crystals them- 
selves, treated with concentrated sulphuric acid, disengaged 
acetic acid, and the crystals therefore consisted of antimony, 
lead, and acetic acid. 

The above-mentioned treatment of 60 grains of white iron 
with hydrochloric acid of the specific gravity 1*103, left 2*92 
grains of sulpluiret of lead mixed with antimony and acetate 
of lead, and the precipitate contained 0 8^53 antimony. 

It is remarkable, that not only almost all the aii'itnnny 
escaped with the liydrogen, buttliat the antimony was iiivewiie 
deposited in the act tate of leail, being also oxidized and con- 
verted liiLo ail aceiate, and that no truce of antimoiiy iuiiuwed 
the hydrogen after it had passed the second bottle. 

[To bo contiausd.] 
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LXXX. — respect i fig New Books. 

Solutwns of the prinmpal Quf s!!(\>}ts of Dr. Mutton $ Course of lf«- 
thematics ; forming a general Key to that work, designed for the u$9 
of Tutors and private Students. By Thomas STEniEy? Davtks, 
F.R.S., Lond. and Edinb. Royal Military Academy, Woolwich. 

THE work of Dr. Tliitton is too v. cll known to require any de- 
tailed description in our pages. Drawn up half a century ago 
for the use of tlic gcntkiiicu cadets of the Royal Military Academy, 
ite object was to remove the inconvenience which had been felt to 
arise from the use of detached parts of a multitude of works on dif- 
ferent hranches of m tli :a:itical science. Compiled, too, for the use 
of boys who entered the institution at the age of fourteen, ;ind whose 
periods of study v;\ri( d frum two to four ycnr?,— for boys who beside 
mathematics weif ia-tnu ted in their applications to mechanical and 
physical science, — the course was necessarily rendered a brief one. 

Those of our readers who have paid attention to the history of ma- 
tematical science in this country, do not need to be told that, at 
the time of its first publication, it was by far the best treatise on the 
subject existin;^ in our languaj^e. During tl:e time which has elajiscd, 
many improvements have been introduced into it by Dr. (ircgor)', 
to keep pace with the progress of science ; but in the Iu.<^t t;ditiGn 
the alterations were much more extensive and important than any 
which had preceded them. The number of new questions which 
were introduced into that edition have rendered it one of the most 
valutiblc !K>oks of examples in r.ny Ianc:iian:e ; rtnd many subjects 
were treated there v.hich for the lirst time found their way into an 
elementiiry book, — uioougst which may be particularly s^pn Itied 
Honitr'a general method of solving algebraical equations with nu- 
mcrical coefficients. 

The work before us contain- eitlicr the entire or indicated mediods 
of .solution of all the questioiia m this coition where it a]>peared 
likely that there could arise the ka-t difficulty. Wc have ahvaj's 
thought that nuch works were in^Liul to teachers, vnd to private 
students of honc!*t purpose ; but we saw a drawback to tiiis utility 
in the probabilit}' of their falling into the hands of pupils themselves. 
In the present case, however, we do not anticipate this evil ; for the 
work cannot be used for the purpose of deception w hen any master 
exercises cominon viirilance, inasmuch a-* no student can proceed 
through the wntin^r and ct-pecialiy filling; the ofCH*iouid blank «te]>s 
without at least underslandtng the solution, and seeing its applicatiou 
to collateral problems. To a mere boy of ordinar)- capacity this is 
the utmost that can be accomplished even by the most diligent 
teacher: ami l ncc, in this case, the labour of the master wiU be 
diminished and the acquirements of the pupil still secured. 

To both we consider tliis work invnhiublc. W(> were mnrli struck 
with the gcnend elei^ance of the solution:}, aiid inuch plca^ed w ith 
the systematic working formula? adapted to numerical application. 
Such examples are calculated to improve the mathematical taste 
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teachers themselrcs. whilst they will form ia the bond fide student 
a regard for good order, a jadidoiw diBcriminatioa between different 
methods of operatiini* that cannot £ul to be of the utmost future use 
tu bim. The almost universal use of Hutton's Course both in pri- 
vate schools and by pri%*nte stndtnts, therefore, will be rendered 
still nn)re conducive to the p;cneral ditiusion of good mathematicai 
taste, by the publication of the present appendage tu it. 
• We have not space to enter into an analysis of tlie contents of the 
55 1 pages contained in Mr. Davies^s work — ^filled, as it is. with ori- 
ginal views on every brsnch of elementary mathematics. The author 
has even totiched in various p]arc?» on the matter of srirntific history, 
and wc value this innovation as nnich fis any. How ])rej)osteron? is 
it to despise the labours of our predecessors in whatever field of li- 
terature or science we are labouring ! As this portion of Mr. Davies's 
work is more immediately open to criticism than any other, perhaps 
it will not be considered irrelevant if we devote a few lines to its 
consideration. 

The auiiior's observations on tlic middle arre ahacns are sensible 
and valuable. The change between the nmnuai abacus and the 
membrauaceal tablets is, indeed, easily conceived ; and in all proba- 
bility was transferred in that manner to the Arabian system of com* 
pntation. " 'i'hough tMs mode of notation/' as Mr. Davies oh^erves, 
** may never have been necessary, and very rarely cmijloyecl hy chro- 
niclers and other persons mcrelv literary, it woukl be of extreme 
value in ffip prrfonudU' c of cohijjii/afio/i.^. Anionp^st these expedi- 
tion wouUl he ot great consequence, aiul this would often be facili- 
tated by writing the symbols in ruled columns, instead of placing 
the dice upon the abacus. This, again, would lead to running the 
several component h ners of any one number into a sini^le and con- 
tinuous fig^ure, which would represent the nnm!)er." We mn?t, 
however, observe, in all this, that we ])reter facts to wholesale con- 
jecture, however pretty and ingenious this last may be. 

The derivations of the signs + and — as givra at pp. 11, 13, 
are, we think, very improbable, and show that the late Professor 
Rigaud and Mr. Davies, who have worked together on this subject, 
are not well versed in ancient handwriting^. On a point of tliis na- 
ture, where the subjects in dispute were introduced live centuries 
ago, it is necessary, we humbly suboiit, to take into consideration 
the mode of writing at the period, — if, indeed, the symbols are not 
altogether arbitrary, — and not reason on the et and the P of the 
present day, as if our rough-writin^^ were the same with tiiat of the 
Itali iTi^ in the fifteenth century. We are sorry to speak dispara- 
giugl} of what we infer to be a favourite theory with our author, but 
its very improbability is quite sufficient to bring with it a condem- 
. nation, and perhaps might eventually have done so from less mer- 
cifbl critics. 

We beg our readers to study attentively the various remarks 
tending to the completion of the new method of solving numerical 
equations. Tlic metliod of synthetic di\asion, which forms the basis 
of that process, is here developed at length, and traced to the corn- 
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aum method as ite Mime (|>p. 93-86) ; whereas Mr. Hamaf* in- 
Tettigtttion, thomgli perfectlj tbUcI, rested on oonsidentions too de- 

▼ated for the supposed progress of the student. We were also iwaA 
fitnick wltli die xcry simple and perfectly general method of Inves- 
tigating the criteria of DeGua sad Biidon fat the reality of the rooti 
in anv ffiven interval. 

I'iic new and extremely elegant solution of the singular problem, 
known as Colonel Titus's proUem, given by Mr. Dsnea, wdl de- 
serves attention. A singular fact with respect to the history of this 
problem was discovered by Mr. Halliwell in a MS. in the British 
Museum*. It appears thnt Harriot was the originator of it, and 
that it wa^ proposed a^ early as the year 1649 by William BroetxN^ 
who was one of Harriot's pupils. 

Here we close our brief memoranda on a work which is certainly 
one of the most valuable in its land that has ever appeared* The 
atyle in which it is written, and its entire conoeptbn, bespeaks no 
ordinary mind ; and though, from the author's reputation, we ahonU 
have expected a work superior to those generally published with the 
same professed objcct«, yet our expectations did not reach to the 
possibility of so varied a mass of information lieing conched under 
such a funii as that to which the author was tied down by the na- 
ture of his undertaking. We only regret that his limits prevented 
him from continuing his original plan crif giving varied solntiona and 
entering into the history of the different brandies of dementaiy na^' 
thematics. We venture to hope that at some future period thia latter 
part of the plan may be accomplished in another form. 



LXXXL Proceedings of Learned Societies, 

ROYAL SOCIETY. 

May 7, A l^APER was read, entitled " Researches in Embryology, 
1840. Third Series: a Contribution to the Phvslologv of Cells." 
By Martin Barry, M.D., F.R.S., F.R.S.E.. feliow of the Roj-al 
College of Physicians in Edinburgh. 

In the second series of these researehes, the author had traced 
certain changes in the mammifenms ovum consequent on fecttmii^ 
tion. The object of his present communication is to describe their 
liarther appearances obt^uned by the application of higher magnify- 
ing power? ; and to make known a remarkable prooe«« of develop- 
ment thus discovered. In ot(\vt to obtain more exact results, his 
observations were still made on the same animal as before, namely, 
the rabbit, in the expectation that, if his labours were success* 
fnl, it would be comparatively easy to trace the diangea in 
other mammds. By pursuing tiie method of obtaining aod pM- 
serving ova firom the Fdlopian tube which he lecommt nded in his 
last paper, he haa been enabled to find and cxanriae 137 moi» af 

* Life of bir Samuel Moriandi p. 2S. 



Digitized by Google 



Itesnai'chei in Mfnlfij^oinj^ ; TJdi d Het Us. 587 



tktte deUcate olgecti ; waA has tiuis had ample opportmuty of ooa- 
finning the principal facts therein stated. lie has now procured in 

all 230 ovji from the Fallopiim tuhe. But hclni;' aw'arc that repeated 
observations alone do not i^ufiico in researches of this nature, unless 
extended to the veiy earliest ^ta^a\*, he ai^aln specially directed hia 
attention tu tiie ovum while it m »till within the ovary, with a view 
to diseover its state at the moment ol fecondatlon^ aa weQ ai imoM* 
&tely hefofe and after that event. 

The almost universal supposition, that the Ptarkinjian or germinal 
vesicle is the essential portion of tlie ovum, has been realized in 
these investii^ations ; but in a raannc r not anticipated by any of the 
numerous coujeeture? which have been j)nl)lished. The germinal 
vesicle becomes tilled with cells, and these again become filled with 
thft foundatiopa of other cells ; so that the veside is thus rendered 
almost opake. Hie mode in which this change takes place is the 
following, and it is one which, if confirmed by future observation* 
must modify the views recently advanced on the mode of origin, the 
nature, the properties, and the destination of the nucleus in the physi- 
ology of cells. It is known that the germinal spot presents, in some 
instances, a dark point in its centre. 'I'he author finds that such a 
point is invariahlf present at a certain period ; that it enlarges, and 
Is then found to contain a cavity filled with fluid, which is exceed- 
ingly pellucid. The outer portion of the spot rescdves itself into 
ceUs ; and the foundations of other cells come into view in its in- 
terior, arrans^cd in layers around the central cavit)" ; the outer layers 
being pushed forth by the continual ori^j^in of new cells m the in- 
terior. The latter commence as dark globules in the pellucid lluid of 
the central cavity. Every other nucleus met with in thc^se researches 
has seemed to be the seat of changes essentially the same. The 
^ipeanmce of the central portion of the nodeos is, from the above 
process, continually varying ; and the author believes that the 
nature of the nucleolus of Schleiden is to be thus explained. Tlic 
t^erminal vesicle, enlarged and tlattcnpd, becomes tilled with tlie 
objects arii-ins: from the chanj^cs in il.>> i?puL , and the interior of 
each of tlie objects filling it, into which the eye can penetrate, pre- 
sents a repetition of ths process above described. The central 
portion tiie altered spot, with its pellucid cavity* remains at that 
part of the germinal vesicle which is directed towards the surfiw 
of the o\Tiin, and towards the surface of the ovary. At the cor- 
re«f>ondinp^ part, the thick transparent membrane of the ovum in 
some instances appears to have become attenuated, iu others also 
cleft. Subsequently, the central poition of the altered spot passes 
to the centre of the germinal vesicle ; the germinal vesicle, regain- 
ing its spherical form* retoms to the centre of the ovum» imd a 
£ssnre in tiie thick transparent membrane Is no longer seen. From 
these successive changes it may be inferred that fecundation has 
taken place ; and this by the introduction of some substance into 
the germinal vesicle from the exterior of tlie ovary. It may also be 
inferred, that the central portion of the altered germinal spot is the 
point of fecundation. In further proof that such really is the case. 



Digitized by Google 



528 



Ro^fal Socie/i^^DT* Mm tin Barry's 



there wiaa at this part two calk, vhidi oonatitata tiie Ibondatioo 
of the new being. These two ceDa enlarge, and imbibe the fluid of 
those around them, which are at first pushed further out by the two 

central cells, and subsequently disappear by liquefaction. The 
contents ol the u:erminal vesicle thus enter into the formation of 
two cells. I'he uiembiaue uf the germinal vesicle then disap|)cars 
by liquelwtiQn. 

Each of the suoceeding twin cells preeentB a nudeua, which, having 
first passed to the centre of its cell, resolves itself into cells in the 

manner above described. By this means the twin cells, in their 
turn, become filled with other cell?. Onlv two of thc«e in each 
twin cell beinir clestiued to continue, tlie other?, as well as the 
membrane of each parent-cell, disappear by liquefaction, when four 
cells remain. These fowr produce eight, and so on, until the germ 
consists of a mnlberrj-like object, the cells of which do not admit 
of being counted. Nor does the mode of propagation continue the 
same witli reference to number only. The pioeess inbertted from 
the germinal vehicle by its twin offaprinsr, reap])ear*» in the j)ro^eny 
of thc.^e. Every cell, whatever its minuteness, it its interior c.m 
be discerned, in found filled with tiie foundations of new cells, into 
"which its nucleus has been resolved. Together with a doubling uf 
the number of the cells, Hiere occurs also a dtminutton of their alae. 
Tlie cells are at first elliptical, and become globular. 

The above mode of augmentation, namely the oiigin of cells in 
cells, appear?* by no menus to lie hmitcd to the period in question. 
Thus it is very common to meet witji several varieties of epithelitim- 
ccUs in the oviduct, inclndincr those which carry eilia, filled with 
cells ; but the whole embryo at a eiub^equeiit periud is compoacd 
of cells filled with the fonndations of other cells. 

In the second series of these researehes. it was shown that the 
mulberry-like object above mentioned* is found to contain a cdl 
larger than the rest, ellijrtical in form, and having in its centre a 
thick-wnllcd hollow 9]ihcre, which is the nucleus of this cell. It 
was further shown that this nucleus 1- tlie rudimental embryo. From 
what has been jjist stated, it appears^, that the same process, by 
which a nueleus in one instance transfoims itself into the embryo, 
is in operation in another instance, where the product does not oi- 
tend beyond the interior of a minute and transitory cell. Making 
allowance, indeed, for a difference in form and size, the description 
given of the one might be applied to the other. It was shown in 
the second series, that in tlie production of the enihryo out of a 
nucleus, layer aiter laver of cells come into view in the iiiteriur. 
while layers previously formed are pushed further out ; each of the 
layers being so dtrtincdy circomscribed as to appear slmoat mem* 
bnnous at its surfisce. The same memlaranouB appearanoe presen ts 
itself at the surface of the several layers of a nudbia in many situa- 
tions. Further, in the formation of the embryo, n pellucid centre 
is the point around which dcw layers of cells continually come into 
view ; a centre correspuudins^ to that privinf^ oric:in to similar ap- 
pearances in every nucleus described in the present memoir. It was 
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Jihamn tfait In tiie cnbryo tlilt mjtfbmm ceutfe it piesent «atil ft 
has assumed the form of the otentf, inoladiiig the nniM ffaomboidaUir 

U the central portion of the nervous system. 

The process above described as pfivinj^ origin to the new bein^ iji 
the mammiterous ovum, is no doubt universal. The author thmka 
tiiat there U evidence of its occurrence ia the ova of batraclusa 
some osseous Fishes, and cerfain of the MoUiucas thougb 
the explanation given o£ these has been of avery diifenot ohaiacter. 
It has hitherto been usual to regard the round white spot, or cica- 
tricnla. on the yelk of the bird's laid egg, as an altered state of the 
di^^cus vitellinus in the unfecundnted o\'Tirian ovum. So far frota 
tiuiiking that such i& the ca&e) tiie author believes tiie whole sub- 
stance of theeioatrieula in the laid egg taha;M its origin wii^ th^ 
germinal venelc, in the same manner as in the orom of Mammalia. 

There is no fined relation betwem the degree of developement of 
ova, and their nhe, loenlity, or nee. The variation with regard to 
size is referable chietiy to a ditterence in the quantity of tluid im- 
bibed in dift'erent instances by the incipient chorion. Vesicles hlled 
ivitii tmnsparent fimd sate frequently met «idi In the Fallopian tnbe* 
treory mneh rssembUnfrtiie thidc trsnefierent meoibraiie of the ov^^ 
ovum* These vesicles are probably unimpregnated ova* in the 
course of being absorbed. The so-railed "yelk" in the more or 
less mature ovarian ovnni, roTisists of liuclei in the transition state 
and exhibiting the cornpounti structure above described. The mass 
of these becomes circumscribed by a proper mcmbnme. They and 
their memhrane snbsequently disappear by liqoe&otion, and are 
snoeeeded .hjr-a new set, arising in the intenor* and likewise be* 
coming circumscribed by a proper membrane, and so on. This ex- 
plains why some observ ers have never seen a membrane in this 
situation. After the fecundation of the ovum, the cells of the 
tunica granulosa, that is, part of the su-callcd " d^sc," are found to 
have become club-shaped, greatly elongated, filled in some instanoea 
vtrith cells, and connected with die thick transpaient membnme by 
tiieir pointed extremities alone. 

That the thin membrane described by the author in hi*" second 
series as rising; from the thiek transparent membrane in tin Fallo- 
pian tube, and imbibing tluid, is really the incipient chonun, wam then 
shown by tracing it from stage to stage, up to Ae period when 
villi form upon it. Hieie remained, however, two questions unde* 
cided ; viz., whether the chorion is formed of cells, and if so, 
whetlHT the cells nre those of the so-called " disc," broutrht by the 
ovum from the ovary, I'h'' mithnr now stntc" thiit the chorion is 
formed of ceils, which gruduully collect around tlie thick transparent 
membrane, and coalesce ; and that the cells in question are not chose 
of the "dise" brought with the' ovum from the ovary. The cells 
which give origin to the chorion are intended to be more partieularly 
described in a future paper. 

The existing' view, namely, that a nucleus, when it leaves the 
membrane of its cell, simply disappears by liquefaction, is inappli- 
cable to any nucleus observed in the course of these investigations. 

FhiLMag. 8. 3. Vol. 16. No. 105. June l«40. 52 N 
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The nucleus resoWee itself into ind^ent cells in the manner Aof4 

described. In tracing this process, it Bp|ieBTs that tlic nndeos. and 
especially Its central pellucid cavity, is the seat of changes which 
were not to have been expected from the recently acK-nn red doctrine, 
that the disappearing nucleus ha" performed its entire otiice by giving 
origin at its surface to the membrane of a single ceU. It is the 
nysteriona eentre of annelena vrhkik is the point of fecundation; 
and tlie place of ori^ of two cells conatitutmg tlie foundation of 
the new being. The geiminal vesicle, as already stated, is the 
parent cell, which, Iiavinp^ given oriirin to two cells, disappears* 
each of its successors giving origin to other two, and so on. Per- 
petuation, however, at this period, consists, not merely in the origin 
of cells in cella, but in the origin of cells in the pellndd central 
part of what had been the nttdeus of cdls. 

The author shows that neither the germinal vesicle, nor the pel- 
lucid object in the epithelium- cell, n rvtobla-st. He suggests, that 
the rcUs into which, according to hi'^ olj^ervatioTis, the nucleus be- 
comes resolved, may enter into the formation of secondary deposits 
—for instance, spiral fibres; and that they may contribute to the thick- 
ening whidi takes place, in some instances, in the cdl-membrane. 

The germ €i certain planta passes through states so much resem- 
bling those occurring in the germ of mammiferous animals, tli it it 
is not easy to consider them as resulting either from a different 
fundamental form, or from a process of developement which even in 
its details is not the same as what has been above described ; the 
fundamental fioim in question in Mammafiar— and ttierefore it may 
be presumed of Man himself — being that which ispennaneiit in the 
simplest plants,— tiie single isolated cell. 



LX XX 1 1 . Intelligence and Miscellaneous Articles, 

OK TU£ PHODUCrriON OF KLECTROTYPKS. BY ALf&£D 8JftB% 

ES^., SURGEON. 

[lUustratdd by Plate VII.] 

THE mode of taking copies of medals by the galvanic current* is 
deservedly occupying much of the publlr attention, and each is 
striving to add hi> mite to the perfection of thi!> elegant and useful 
process. There are two or three points to wliieh 1 am desirous flf 
drawing the attention of your readers, as they ai)pear to open a new 
and important field for investigation for which I have not Uie time at 
present. With regard to the j^recipitationof the copper, 1 beg leave 
to submit a modification of a plan first proposed by Mr. Afn^on, in a 
j)aper read before tlie Klectrical Society, but I believe also contem- 
poraneously used by other persons, that of making copper form the 
oxygen side of the battery, which being dissolved is again thrown 

♦ We learn from tb« foreign jouroalf, that Prof. Steiuheil, of Munich, is ap- 
plying this prooeH for inaking a cast ia copper, from • oompoMtlon by the c oto - 
bratcc! scu![ t r Schwanthauler, repMMDliiig th« hboiinof Hcrculii, and coo* 
laioing l iO figures. — £oit. . 
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dbWB 8t the phtina or hydrogen end npon the medal or mould 
placed for its reception. 

Hie mode which I adopt ia, first to obtain a long dish or trough, 
and then to place a wire in the inside along its bottom, wliich is 
connected to tlie zinc of one of the cells of my battery alonfj the 
opposite side of the vessel; a large piece of cupper i& placed lu con- 
oezion with the silver of the bettery, and a solutioa of eulpbate of 
copper is thea added. By thisanaagement the ourrentie geaented 
at the sinCy peaees to the medal, reduces the eopper whilst the oxy* 
gen and acid are transferred to the refuse copper, and dissolves a 
corresponding quantity of copper, and by thia means the solutioii 
is always kept saturated with the metal. 

When medals are to be copied, they are singly placed in contact 
with the wire in conaexioD with the zinc of the battery, and in this 
way many may be done in the same vessel, and any may be taken 
out and examined witliout the slightest interruption to the others. 
The rapidity of the j)roce89 may he increased without detriment by 
the use of two to six or even more cells of tlie battery, as the 
copper will still be extremely tough. It will be found that my 
tiattery will require not the ahghtest alteration* esoept once a day* 
when the liquid should be changed. I have tried other solutions 
of copper, such as the nitrate ; but although the process is hastened* 
the metal is apt to be brittle, or to have other imperfections. 

Wiien engraved plates are to be co])!ed, the hi >l co{,'y is in has.-o re- 
lievo, and therefore a second is required to be made wliich iii in " iutu< 
glio/' and then ready for printing. Copies may even be taken of non* 
conducting substances, as wood-cats, &c., by brushing them orer 
with black-lead, taking car^ tlmt the copper wire is in good contact 
with the plumbago. 

The great advantages of this mode of proceeding above all others 
are, first, the quality of the copper is far better than when reduced 
in the usual way as described by Messrs. Spencer and SoUy ; this 
advantage is owmg to tiie use of copper at the oxygen end as 
aoggssted by Mr. Mason ; secondly, sll the plates or medals, for 
there is no limit to the number, are in the same vessel ; thirdly, the pro- 
ce8.« may be hurried or retarded. accordinHy m the number of plates 
of the battery are increased or diminisiicd ; fourthly, the plates 
will not require to be interfered with till the precipitation is com- 
pletely finished ; and there are many other more trifling advantages 
which It would be tedioas to enumerate. 

The mode of proceeding here detailed differs but little from 
others which have been described ; but these trifling differences are 
so important in practice, that thi8 mode will probably supersede 
every other. In fact, I have had tike pleasure of seeing many most 
▼aluable copper-plates subjected to this process, and Sie specimen 
which accompanies this paper is I believe tiie first which has ever 
m^ergone the ordeal of having the large number of impressions, 
lequired for any publication, printed from it. Of course it i« a perfect 
^Eicsimile, and therefore this method would be of tlic greatest im- 
portance to bankers for their notes, and is far superior to i\Ir. Perkins's 
process for the multiplication tk phtes, becanse in tiiat case they 

2 N 2 
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Umost invariably require to be touched up aftemlrardi, and therefore 

absolute identity is destroyed. Tlie co?t of their manufacture wnnld 
be trifling, bcim:; merely the value of the 7.'mc* di^^solvef! iii the bat- 
tery, and a pound of zinc of the value of sixpence would produce a 
copper-plate weighing about two pounds ; and I trust that copper 
irill again, ffom its teanty, take the place of ateel engravings. 

So much for the ])recipitation of the copper ; and the next tiling 
to which I have to direct your attention, i" a mode nf making a copper- 
plate engravinsr without an engraving in the tirst instance. This is 
(lone by drawing upon a smootli piece of copper (such as a plate 
used for engraving) with any thick varnish or pigment insoluble 
in water, and then exposing the plate in the usual way to the in- 
fluence of the current, when first cojiper will be thrown down upon 
tlie uncovered parts and will gradually grow over the drawinfr. nnd 
the electrotype when removed will be ready for printing. A practical 
difficulty, however, arises in the application of this in the arts, for un- 
less very thick oil paint is used, sufficient depth is not obtained to hold 
theink. However, judging from tliesharpneaaof the cdg;e!j of the lines, 
I have but Utde doubt that this difficulty may be overcome by those 
v/ho are accustomed to drawing ; and it possesses, as an additional 
advantage to its rlieupness, the valuable ])roperty of not requiring 
the artist to reverse the design. An opposite effect to this may be 
produced by placing a piece of copper similarly drawn upon at llie 
oxygen end of the Iwttery, when the metal will be acted ufKm, lea- 
ving a drawing in basso leUeva. 

Bank of England, April 81, 1840. 



ON THE BEOUCTIOM OF CH ROM ATE OF LEAD. BY B. F. HAR- 

CHAND. 

The employment of chromntc of lead, instead of oxide of copper, 
in organic analysis, is in many cases recommended by Uichardson. 
It is preferable in the examination of substances containing cfalorinei, 
liodine, bromine, and sulphur, but particularly in the examination of 
the two latter. Erdman and I have frequently employed it with 
Hess's apparatus, and o])scrvt'J tluit the redurt d cbromate of lead 
will again absorb oxygen and might be then again emjdoyed. This 
circumstance induced me to make various experiments upon the 
reduction of this salt. 

The cbromate of lead used in these experiments was prepared by 
the precipitation of a solution of nitrate of lead with an excess of 
bichromate of potash, and afterw:irds carefully washing it : the salt 
wa.s heated to dryness ; it became of a dark reii colour approaching 
cinuabar red ; on cooling it returned to its iormer yellow colour 
provided it was not fused. If fused it turned to a dark brown co* 
lour, whkih cm reducing to. powder was of a brownish yellow colour^ 
When the fused salt is quickly cooled by throwing it into cold water 
it becomes of a permanent red colour, giving also a red powder. 

* The zinr in the fluid might be precipitated as a carbonate, for which 
there is great demand in the artt;, and thereby the expense of the electro* 
type would be further diminished. 
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Many persons ima^e that in organic anal)rab vitii duomate of 
lead it is necessary to use a very strong beat in order to perfect the 
operation. This is a mistake, for carbon as well as hydrogen very 
easily reduces the chromate. If however it Is required to libe- 
rate oxygen, then the temperature must be very great, and the 
salt must be fused. This circumstance, as may be easily conceived, 
is incoavenieot and liable to introduce error. 

When chromate of lead is heated in a current of hydrogen gas, it 
eommc 11003 to glow at a heat far below redness, and a quantity of 
water is formed. The ydlow colour of the salt disappears ; it be- 
comes black, and very small metallic globules are disseminated 
through the mass. 

3*049 griunmes lost 0*307 gram, or 10 07 per cent, of oxygen ; 
this loss may be hicreased by a oontinaed and strong heat. 

1*91 grammes lost in another experiment (h3S4 gram., or 11*8 
per cent, oxygen. At the commencement of the reduction of this 
portion the temjiemture was kej)t moderate, by which it lost 0*2045 
crm., or 10 / per cent. Oxvj^-en gas was then passed over it 
wliile in a heated state. At a low degree of heat, the mass burnt 
with great brilliancy, turned brown, at least partly so, which was 
▼ery evident on cooling. It absorbed 0*138 grm, oocygen, irhich 
calculated for the original quantity (1*91) amounted to 7 per cent, i 
a ?raall quantity of water was formed during the operation, amount- 
ing, however, to but a few milligrammes. It would therefore 
ap])ear that hydrogen was condensed in the pores of the reduced 
masti, but in a small quantity ; heating in a stream of carbonic acid 
gas would have entirely driven it out. The oxidated quantity 1*839 
grm. which had lost from the first 3*7 per cent, of oxygen, was 
again reduced in hydrogen gas, by which it lost 0-152 grm., this 
upon the whole quantity is equal to 8 per cent. Upon heating in 
oxygen gas the same appearances again took place, and the ma.s8 
absorbed 0'12S grm., therefore, a similar quantity as before. A 
subsequent reduction at a f9ry high temperature occasioned a loss 
of 0*128 grm. while a repeated oxidation only gave an increase 
of 0 1 1 9 . This was again driven out by hydrogen, but without any 
further derrrrise of oxygen. 

If we Lx inline these experiments, keeping in view the results, 
we shall hud that 1*91 grm. lost 0*224 grm. equal to 11*8 per 
•cent, while the last oxidation was only 1*19 grm. or 6*2 per cent. 
Chromate of lead contains 19*54 per cent, of oxygen, equfd to four 

atoms, Cr Pb. 11-8 per cent, is equal to 2*4 atoms or nearly ths of 
the whole amount of oxygen. This would be 12*2 per cent. Tha 
reduction, if complete, would convert all the oxide of lead into the 
metallic state and the chromic add into the state of oxide of chrome. 

2Cr + 60 2Pb + 20 
30 20 



2 Cr + 3 O 2 Pb. 
By oxidation about iialf of the oxygen is rccombincd ; tliis takes 
place the more readily when the metallic lead is 'in a finely divided 
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state and not melted by too strong a heat. It is not the lead alone, 
but Jilso the oxide of chrome, which absorbs oxygtjn. If oxide of 
chrome alone be heated in oxygen gas, it m uut converted into 
chromie acid : but thii tdces plac^e, as b wdl known, if an aUcaUbe 
present. I iher^bre consider that oxide of lead has the same eflfect 
in this respect as an alkali. In order to obtain an intimate mix« 
tnre of oxide of chrome and oxide of lead, I endeavoured by means 
of lieat so to decomj)osc the chromatc of lead, tlmt nil the chromic 
acid should be cunverted iiitu oxide of chrome. The temperature 
must be vesy high for this purpose, and it requires a long time be* 
fore any considerable qwrnttty oC oxygen can be driven oat of this 
salt. 1'409 gramme was fused in a very thin pbtina crucible by 
the strongest heat of a spirit-lamp before any appreciable loss took 
place. 0*057 grra. were thcu ^ivcn off equal to 4 per cent, which is 
nearly I'^^^ths of the whole quantity contained in it ; thi« would be 
3*9 per cent. It is therefore very probable that at first the cbro- 
mate of lead is so decomposed that basic chioniate of lead and 
oxide of chrome arc formed. 

2 (CrOs Pb O) = Cr O, Pb, Og -f CrO 1^ + O IJ. 
The compound obtained in this manner I considered very favour- 
able for the conversion of chromic oxide into rliromic acid. I heated 
it, and passed a stream of oxygen through it. However, to my great 
surprise, not the leatit alteration took place, and I found uo iucreanie 
in weight. 

In the oxidation of tlie xeduced salt* oxygen must have combined 
with the oxide of chrome, as 6 2 per cent, was in all absorbed, white 
the whole of the oxygen of the oxide of lead in the salt amounts only 
to 4*89 per cent.; and it is not at ail likely that even the whole of 
this 4*8^ per cent, was absorbed by the reduced lead, as it was for , 
tiie most pert fused into small globules, which must hare Tery mui^ 
prevented the action of the oxygen upon it. 

I again fused 2'057 grammes of chromate of lead in an sether lamp 
supplied with oxygen : after a lonir. continued heat it lost 0*091 
grm. or 4'4 per cent. The reduction wii^ in tiiis case carried on 
rather further than the conversion into basic chromate of lead and 
oxide of chrome. When, however, oxygen gas was passed over 
this componnd very little of it was absorbed. 

I at last prepared an intimate mixture of oxide of chrome and 
superoxide of lead ; this was heated to redness and oxv^'cn ernf 
passed through it. This comj)ound contained 0'44.') grm. oxide 
of chrome. When the absorption had terminated, the increase of 
weight was found to be 0*066 grms. The colour was changed from 
green to brown. 0*455 gnu. oxide of chrome contain 0*132 ox]^en, 
therefore just double the quantity it had taken up, llierefore one 
iitotn of oxide of chrome upon heating with oxide lead had com- 
bineti with I5 atom of oxygen. 

ThU gives 2 Cr 3 O -f 2 Fb O + Ij O. or, 

Cr O, Pb, O, + CrO I4. 

It is therefore the same compound which is formed when chromate 
of lead Is fused by itself. 
It follows from the foregoing experiments : 
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That duomale of lead k very easily converted by means of carbon 
and hydrogen into a mixture of oxide of chrome and metallie lead. 

This mixture by heating is in a state to combine with oxygen ; 
end this combinntion takc«^ ])lacc not only with the metallic lead» 
but also with the oxide of chrome. 

By heat alone it is very difficult to deprive cliromate of lead of 
oxygen. It is at first converted into a mixture of basic chrouiate 
of lead and oxide of chrome : in order to reduce all the chromic 
add into oxide of chrome, an uncommonly highly temperature is re* 
quired. 

When a mixture of oxide of chrome and oxide of lead h heated, 
it is also convcrte<l into basic cliromate of lead and oxide of lead. 

It ia therefore cliromate of lead, which is often employed in or- 
ganic analysis, from which this latter mixture is derived.— /oamal 
fSr Praktitehe Chemie, No. 2. 1840. 



POHTRAITS IN DAGUERREOTTPi:. 
Prnfesisor Draper, of the University of New York, informs us in 
a note dated March 3l8t, that he ha* >ucceeded durinij the winter 
in procuring portraits by the Daguerreotype, and that they have all 
the beauty and softness of the most finished mezsotint engraving, and 
only require firom 20 to 45 seconds fior execution. 

MFTPOnOT.OOTCAL OBSERVATIONS FOR APRTT 1840. 

Chuwick. — April 1. Slight rain : cloudy. 2. Hazy : very £ln«. 3. Cold dry 
hnm : fraaty at night. 4-^. V«ry fine. 7. Fine ; atonny thowen st night. 
8. Slight sliowcrs. 9. Cloiii1> ami cold. 10—12. Very fi nr. i:'— 17, Fine but 
▼cry dry. 18. Clear, hot and dry, 19. Haay : very fine. 2a Verr tine. 21 — 
93. Cloady and Sne. 94. V«iy fine. 95. Very hot^ nearly cleodicH, and ex. 
cesiively dry. 26, 27. Hot and dry. 28. Excessivi ly hot for the period of the 
aeason, tbermometer 81*^ in the shade. 29, SO. Very fine: hot and dry. This 
month is remarkable for the limited quantity of rain and for a high tempemtnre ; 
ibe latter being the cmMcquence chiefly of a powerful direct solar heat, \nIjicIi 
overcame UVi'wise the cminteracting effects of north and north c-nst winda* for 
they were ia fact more prevalent than those from the opposite direction. 

^oi/oit.— AfNril 1. Cloudy: nia iwM. 9. Haiti. 3—5. Fine. 6. Cloudy. 

7. Cloudy: stormy with rain r.M. 8. Cloudy: hail an«l rain c.si, f) — H. Fine. 
12. llain': rain early a.m. 13—19. Fine. ^-24. Cloudy. 25—29. Fine. 
Sa Cloudy. 

Apple^nrth Manse, Dumfriet-shire. — April 1. Mild day with a shower. 2. Keen 
Mid cold but dry. 3, 4. Dry and more temperate. 5. Fine djiy after a very 
alight shower. 6, Stonny day with showera, though tltgibt. 7. Keen cold day. 

8. More moderate. 9. Fine mild day. 10. 'Vhc' same: slightly moist and 
cloudy. 11. Drisiliog all day, but very lijditly. Fine though cold : slight 
rain r.M. 13. Fine nm slight rain. 14. Oierming spring day. 15. Theaame: 

'witli frost rime A.M. IG, 17. Fine but coldish : frr>st rime :igain. 1 S. Very fine 
warm day. 19. The same : white rime a.m. 20. The same ; slight sliowera 
r.M. 91. The anroe! gentle ahower. 99. Theaame: noiitni*. 93» Dry but 
threatening. 21. Tlio same cleared up. 25 — ^98* Bcitttiflal dqr« 99L The 
lemey but cloudy, so. The same : very warm. 

Sun dMme out 29 days. Rain, very Uight, fell G days. . Frost, rime 4 days. 

Wind north I day. North-east \ day. £ast-north-east 2 days. East s (lay<;. 
£ast-90uth-east I day. .South-east i day. South-<5outli-cast 2 days. South 7 
days. Suuth-soutli-wcst 1 day. South-west 7^ days, We&l-south-we&t 1 day. 
Wen 9^ days. North-west 1 day. 

Ciimi 'H iys ModentteSdaya. Briakddayi. Suoog bncie 8 dayl. 
Boisterous I day* 
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LXXXUI. On Galvame Circuits composed nf two Fluids, and 
nftm M6tai$ not m cmUnct. Bff Fmkmat J, C. PoaoiN- 

[CoiilioiMd fran p* 496« and oandiidad.] 

\}^ITU all combinations in which zinc^ iron, or tin forma the 
" pooitive mdB\f even with aome in which amalgamated 
sine occupies that jplaoe^ the water haa the aaoendency over the 
(dHute} h^drochlonc acid^ as already ohaerved hj Fedmer with 
the combmation zinc-copper in a aomewhai more complex ex< 
periinenty his experimenium crueitf^ 

But water also exhibits this ascendency, in the greater num- 
ber of caaea, over sulphuric acid|; with the combinationa zinc* 
platina, zinc-tin even more stronfrly than over hydrochloric acid^ 
exceedingly strong, especially witii amalgamated zinr find re- 
cently heated platina. And yet sulphuric acid is no ciectrolyte. 

Nor is nitric acid an electrolyte, and nevertheless it so alters 
the electromotive force that with zinc-platiua it has the ascend- 
ency over water, but in the other combinations with zinc and 
tin as positive member it succumbs to it. 

Similarly circumstanced is ammonia, which is likewise no 
electrolyte. In all comhinationa with iron and tin as poaittve 
memher, it always auccmnba to water; in those with xincy mal" 
gamated or pure, it has on the contrary (copper excepted) gene- 
rally the ascendency. 

Solution of chlorine aflbrds a similar example. The differ- 
ence of its action from water and from hydrochloric acid is suffi- 
dentiy evident from the table 5 and yet it can hardly be dassed 
among the electrolytes. 

The assertion of Vorssolman de Heer that only electrolytes 
are capable of changing the electromotive ibrce^ is theretbre cer- 
tainly incorrect. 

* From Poggendorff*! AmutUm, toI« xUx. Jaanoiy, 1840 : tniiilaM by 

Mr. W. Francis. 

f r.ond. and Ediiib. Phil. Mag., vol. xiii. p. 374. 

i I have already iKo wn, although less dUtinctly, iii aauiher way for the 
idac-coppcr circuit. Jnnaten, vol. xlv. p.' 405. 

Pkilf Mag. a 3. Vol. 16. No. 100, Si^^ Mkf 1840. SI O 
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Just as little, ill iny opinion, do the facts speak for Faraday's 
theory. A Btrona^er affinity must imdoubtedly be attribulrd to 
the chlorine for zinc, iroiiy and tin tliaii to the oxygen ; and 
nevertheless, m circuits containing one of these metals as positive 
member, hydr^chkrie acid does not aot more atrongly, but 
weakliyy than ^ter*. 

In the dflute sulphiifie and i^tvb addsi acootduig to Faraday, 
only the affinity of the oxygen of the water aeta on the p o ai t i ve 
metaL Consequently these adds, when waiter acts opnoned 
to them, must either jmiduce no current^ of^ if the ab9V»* 
mentioned affinity is increased by their {mMence, develope^ as 
is otlierwise o'enerally admitted, a more powerful electi*omoti%-e 
force than pure water. Nevrrtlulc«?s the two acids act. in the 
greater number of cases exannncd, more weakly than waterf. 

The same oljsen ation may be applied to caustic potash and am- 
mania, hi i\^aday^s ^^Experimental ResearcheH^\\v ii n d it stated, 
§ 919, " Thus, when zinc, platina, and dilute sulpluii ic acid are 
used, it is the union of the zinc with the oxygen of the 
water whidi determinea the ciimnt Airther, § 932^ The si- 
milariQr in the action of either dUute aulphurio acid or potaaan 

E indeed fer beyond thifl^ even to the proof of identi^,^' and 
But all the effects m these experiments prove, I think, 
it is the oxidation of the metal necessarily dependent upon, 
and associated as it is with, the electrolyzation of the water, that 
produces the current ; and that the acid or alkali merely act as 
aolvents by removing the oxidized zinc," 

But in truth the canstir nlkalies always act differently from 
water and diticrently tVoni acidsj, and that immediately, in the 
first moment of imuu rsion, when the zinc is still in possession 
of its full metaUic histre. There is, iin U rd, a certain relation to 
the attackabiiity of the positive metai apparent, as is evident for 

* It sbo MtB matt wraldy than mlplnifie acid, al kut «iA ttnalganisM 

junc and platina or silver. (See Note, p. 423.) 

t Becquerel observed years tmi {Ann. de Chlm. el de Ptnjs.y vol. xli. p. 17) 
that when aioo and copper are placed in two cells separated by membrane and 
fiUcd witti a MltttiMi m th« sulphata of sne, and dian wsma nltrie add li 
pouted into unc of them, this addition hi the Copper cell heigKt«n« lha 
current, but in the zinc cell weakens it. ThJf? experiment, certainly, when cor- 
rectly apprehended, as already observed by Beneelius {JahretbericM, No. x. p. 
23), IS no argiiment in laTDiir of die obemnal theory. Similar fiieta, have aaore- 
over been noticed by FecbnCT (Aimalenf vol. xliii. p. 433). 

J This indeed has not escaped Farndny. In § 941, he sny^, "The alkali, 
in (act, is superior to the acid in bringing a metal into what a> called tlie posi- 
tive Btete;'*— but whyf it may be wed ; and how doei Uiit agne idA 
§ 921 ? in whieh it Is stated, " Cnddation or other direct acUon upon the nsctll 
itself is tlie source of the current, hiit it i'^ of the vhnn^t importance to objcrre 
that the oxygen or other body must be in tlie state of combination, and indeed 
in such a state of coinl»natioa to ooDititttte an electrolyte." 
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instance from the comparison of the iro/! circuits with sritic and 
tin circuits; but why bolh ulknties uith the iron circuits, and 
the ammonia with tin circuits liave in general a tveaker action 
than water, — why, even with the combinations zinc-platina, 
xmo-Hb>€r, the alkalies have the ascendency over the water« is 
aocording to that view not conceivable. 

It k tl^ same in aU thoae cases in which two oxy-oombinationa 
ave of^poied to one another: water and carbonate qf soda, suU 
pkmie add and borax, Mul^thate iff jvu: and borast, m^phatt qf 
magnesia and borax. 

Perhaps here, from the carbonate of soda and borax being 
easily decomposfiblp suits, and their solutions in the cases ex- 
amined always succumbmg to that of the second oxy-combina- 
tion, a position from the Experimental Researches might be 
brou<?ht forward (§ 549) according to which substances arc said 
to produce a more powerful current the more ditHcultly decom** 
poaable they are, and vice versd. Thus might also be explained 
the general weaker action of dilute acids in oompanson to 
water, since addufadsd water is more easily decomposable than 
pure. However, tiiis position appears hardly in unison with 
the fundamental principle of the chemical theory, that the affi* 
nity of the oxygen, chlorine, &c., for the zinc, is that which ex« 
cites the current ; for it might rather be supposed that this afR* 
nity can the lests enter into activity the more strongly the oxy- 
gen^ (hlonne, ike, are retained by the positive tlement from 
which tii<;y are to be separated. Moreover, it cannot be applied 
to the alkalies, which in most cases increase the electromotive 
force and yet at the same time render water more decomposable 
than it is of itself. A iurtlier example, among many others, is 
tfibided by saU and Mf-oimnoiitoe, two chlorides, the sohttion 
of the latter of which developes a stronger electromotive force 
than that of the first It can hardly be admitted that sal- 
ammoniac is of more difficult decomposition than salt! 

The solution of chlorine likewise, if I correctly understand 
Faraday's view, could not, according to it, act differently from 
pure water ; for the chlorine is merely dissolved in the water, 
not combined with a bodv to form an elcctrolvtr. Nevertheless 
it acts with zinc-platina, tor instance, mucij mure stronL'ly than 
water. It acts, moreover, instantaneously on uamersion, so that 
the action can scarcely procpcd from formed chloride of zinc, 
which is also evident iiom tlie luct, that su In lion of chlorine, 
which has been Irequently employed, containing therefore a 
considerable quantity of chloride of zinc^ does not act in the 
least more powerfully than when pure. 

on the other himd, the action is derived from the chlorine^ 
then again^' according to this view, it cannot be conceived why * 

fiOft 

Digitized by'Coogle 



540 M. Poggendori^ oa Gakmmc CkcmU otw^osed 

the solution of chlarine acts more powerfully than hydrochlorie 
ucidy in which, nevertheless, the chlorine is electrolytically com- 
bined with hydrogen, and without doubt more strongly re- 
tained by the hydrogen than in the solution of chlorine by the 
water* 

It might perhaps be replied, that the aokdaoii of cUoriiie is 
not a. mere solatbn of flie diloriiie> but a mixtoxe of hydrocUo- 
lie add and the onde of chLorine ; but setting aside that tbic 
aappontion is not proyed, is not even vtrj probable, and is 
aocompanied by a second supposition not more probable, that 
this nuxture or the oxide of duorine is of more dilHcult d^»m- 
position than hydrochloric acid, we need only call to mind the 
other cases where non-electrolytes exert a sensible influence oa 
the development of the electromotive force, — the actions of sid- 
pkttric acid, o{ nitric acid, ammofufi, tvater irapreirnated with oan/^ 
gen, of the peroxide of hydrogen^, of the gwi/i/o-sulpburet of 
potassium (A' — to perceive that such a supposition is neither 
required nor can be generalized. 

The position^ that those bodies which, brought between the 
metallic plates of a Toltaic pile, render it actiYey are all deetvo* 
Irtee [Exp. Re». $ 858, 921), must tberefinre be thus altered, 
that the fluids between the metallic platea must, it is tmet be 
electrolytes, i, e, decomposable bodies^ since, at least witb 
aqueous fliuds and with a certain intensity of current, no con* 
duction can take place without decomposition; but that tha 
electromotive force which is developed on the contact of these 
fluids with the metals is not in any necessar}^ connexion with 
the conductivity or decom[)osability, and can be increased or 
diminisiied by bodies which are not electrolytes, i. e. not directly 
decompos;iblet« I shall hereafter commumcate another proof 
on this pomt. 

Not less difficult for the disputed theory would be the cases 
in which hydrochloric acid and sal-ammoniac, hydrochloric acid 
and aaltf or salt and sal-ammoniac ai e opposed to each other. In 
each of them, aooording to it, only the chlorine could act on 
both sides, and consequently no cunent arise. Bat I will pass 
OTer the discussion •of these cases and torn to the iodide of 
potassium^ from which Faraday has derived the new axgument 
in favour of the chemical theory. 

In tlie preceding tables I have enumerated the action of the 
iodide of potassium in 17 metdlic combinations, both towards 

• Bectiueitl, ulnn. de Ch 'm. tt de Phy$., vol. xxviii. u. 19. 

t De la Rive and other supporten of the oxldttkii-tbeory, admit aJio, as b 
■well known, tluit it is the oxidation of the zinc alone, no matter whether it be 
caused by the oxygen of the atmos^ere abtorb)^ hy the water or mj (^ler 
ictiQUi wluch dtikruiiues (U« current. 
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ttd^Aiiric add and towards h^drwMorie aeidi in the whole, 
therefore^ 34 cases. In 16 cases the acid had the prepondetanoe ; 
in 10 the iodide of potassium. In 6 the result was ambiguous, 
as during the expenment a decided reversion of the current en^ 
sued; and probably some of the first belong to this category. 
If wc merely look at the number of favourablr rnscs, the affi- 
nity-theorv' would indeed still retain sonu: probability ; but this 
must entirely disappear if at the same time we take into consi- 
deration the weight uf the unfavourable cases. 

Among the latter, viz. the untavouiable cases, those mth 
platina more especiadly surprised me^ and of these that witii 
the combination zmc-plaima and hydrocMorie add* It is in 
fact the same experiment which Faraday mentions In support 
of his view, whicm he himself had the kindness to show me in 
London (in this experiment hydrochUnic acid was employed), 
and which I also had previously more than once performed 
with the same positive result. Wlicncc now the opposite re- 
sult? An error it coukl not be; I had repeated it so often 
and under the most varied cireunistances ! After some expe- 
riments I was so fortunate as to lind the solution of this enigma; 
anti with this, at the same time, the untenabihty of the expla- 
nation of the experiment, as also of the whole of this argument 
in fitvour of the chemical theory of Galvanism, is, in my opinion^ 
clearly demonstrated. 

The result of the experiment^ in fact, depends solely on the 
concentraiion of the acid'". If we employ, as was the case in all 
the experiments enumerated in the table, n hydrochloric acid 
of 1*138 spec, gr., diluted with 6 times its volume of water, the 
iodide of y)otas8ium has the preponderance ; but if, on the con- 
trai V, tlic same arid be employed but not diluted, the superiority 
is then on the side of the acid ; and the current hn^ such a direc- 
tion, that on the decomposition of the iodide oi potassium, the 
iodiue passes to tlie ^>latina. Between these two degrees of 
concentration of the aad, there will evidently he one with which 
not the least current will occurf* 

• Probubly also on the concentration of the solution of the iodide of potassium ; 
Init I hvn not varied this.— >0n the other hand, I have assured myself, that 
the purity of this solution has little influence. A s'^liiti n which from frcqvicnt 
use was mixed with sulphuric acid, had thus hecome brown and acid, and con« 
tained therefore free hydriodic acid with iodine, and dissolved zinc with eflcr* 
▼escence,— acted just the same as pure iodide of potaatium, and evinced with 
platina the superiority over hydrochloric acid more strongly than the latter. 

t Likewise with iilver^ copper^ and tin, combined with amcUyamaled zinc, 
die concentrated hj/droekhrie acid (of 1*138 apec. gr.) has inatantaneously 
and strongly the ascendency over the iodide of potaeshim ; even the dilute acid 
with silver and copppr nets in the same way, as shown in the table ; with tin, 
however, it succumbs to the iodide of potassium. The action of tin is there- 
fcra quite toali^goot to that vSfSalmtk 
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It is not to be supposed that the acid^ thus diluted^ is tot 

weak to act on the zinc ; on the contrary, it attacks it very 
violently, so energetically indrcrl that it becomes sensibly warm. 
The j)lea, that with the dilute acid the athnity of the chlorine 
for the zinc has become troiii the presence of the water weaker 
than that of the iodine for tlie ^ame metal^ is therei'ore iuad> 
miissible. 

Moreover^ the same acid has with tUoer and with copper, no 
matter whether oombined with zmc (common or amalgamatad) 
iron or tm, in a high degree the ascendency over the mution <^ 
the iodide of potassium^ — a phsenomenon whichj compared wiUi 
the opposite one on employing zinc-platma, at the same time 
clearly proves what essential part the two metals of tiie circuit 
take in the production of the current, and how contrary to nature, 
therefore, that view is, according to which, in reference to the 
voltaic current, the }>ositive metal is termed the ffeneraimg and 
the negative the conducting metal*. 

Similar phteiioiiienaj not favourable to the theory, are eviactd 
by the circuits oi' sulphuric add, iodide of pola^nstuiHyplalitut and 
a positive metal, by which, moreover, when the latter consists 
of especially non-amalgamated, those remarkable levar- 
sions in the direction of the current occur which have alreafy 
been noticed in the table under No. 10. 

\ Ti experiment performed specially for this purpose, and con- 
tinued longer than usual^made me better acquainted with them. 
Bright filed plates of distilled zinc and non-heated plates of 
platina were (Miiployed for this cxperinient. The former i*e- 
mained duriug the whole time in the tluid ; the latter were 
simultaneously immersed and taken out. During the first im- 
mersion, the current i)roceeded constantly in the direction $>^u 

* It h not very intelligible how this notion can have gained ground, since 
w^Il-proverl facts have long ago shown quite the contrary. If the negative 
mclal in the circuit had merely to act as it were a passive part, to perform 
Bcfeljr tlie ftincCion of emuttieiiil^f then evidently the b€tt conductor mmC pro* 
duce the stroni^cst current, or, rather, the greatest electromotive force. ^' 
per conducts decidedly better than platina ; but yet the latter, in combination 
with a positive metal, gives rise to a far greater electromotive force than the 
former. How essential the negati\ e metal of the circuit it in gent rating the 
current, is most decidedly evident from the position first established hy Fech- 
ncr (bchweigger's Journ. vol. Ix. 1830, i>. 17, and PoggendorflTs AnnaitUy voL 
xliii. p. 433), that, loon as the fluidt do not aet verv edteringly on the metalib 
tfte voltaic law of the tensions is al»Q valid for the electromotive forces ik§ 
circuit, that therefore, for instance, the electronjotive force of a xhtr-platinft 
circuit is equal to the sum of the electromotive forces of a zinc-copper and of 
a copper-plaiina circuit The law naturally cannot be applied to loe intewilf 
of the currents. The current from coppcr-plaUnaUt as I have convinced my> 
self, by f ir "^venkfT than the difference of the currents from rinr-platina and 
zinc'copper, — easily imaginable from the inequality of the resistauce of tranii- 
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Tka finfe oicilktisii (tf tfaa neidk had the amplitude 80> - 46^ 
(••«• went from 80^ on the one uda of the naeridian to 46^ on 
the otbar). The deflexions^ however, decroaMd n^tidly, and 
idien they had sunk tol9>°—0° the platina wu removed* Thia 
washed, dried» and agam inserted, produced a oiurrent in the 
direction * < t. The tirst deflexions were 90° — 85 ; the fol- 
lowin<r, .S5 ^ - 80°; 80° - 75°, &c., till at last 6° — 3°, when 
they were aj^aiii taken out. The third, fourth, fifth, &c., im- 
mersion ga\ e all of them currents in the direction « < ij only 
oommencing wiih slighter deflexions. 

At the same time two remarkable circumstances occmred 
here. At Uie commencement^ namely, the (distilled) zincj as 
k abfajra the oaae when its amfiMMa ere yery briffht^ waa but 
very alightly altadnd by the dilute aulphuiio ada, whidb abo 
in tUa eaae emaiatad or 1 yoL oaManlnitad midt md 9 
materi but the loniar it remamed in it the itnuigar the actioa 
became, so that at laat the disengagement of gas wia imf 
lively. At the Qw—Hmnmnent, the vibntaooa of the iiaadl% 
although greaty were nevertheleaa quite regular ; but in propor- 
tion as the evolution of gas increased, sudden convulsions were 
evident in the vibrations, which became greater and greater, and 
at last passed into actual starts of 30, 40, 50, 60, 70, ^c. de- 
grees, and thus far exceeded the commencing deflexions which 
even on the fourth immersion did not amount to more than 
10°. All these starts took place in the direction Their 
progressive increase evidently pointed to an increasing ascend- 
ency of the iodide of potassium over the acid. — The second 
iwlMila diMnalttioe ira% that with eadi takii^ out of the 
phiiMib atthomi^ hotb plataa mmfmffwA at the aaae tnu^ 
a atroag daflenon (of 90^) likewiae in the difeotion e<iiit> 
anlted. This phaononienon iraa ei|»ecially suipriaing at the 
eloae of the first unmeraions^ as tilie needle then made but npiy 
faaaU ttid quite regular vitm(iiaona*« 

I now repeated the same experiment (ainc filed briglitgi pUn 
tina not hiOitted) with a 9lr m §€r mtfp k m m «^ (1 voh eopeani- 

* I frequently obfirfMlniiiflar starts, and especially when, on employing 
ordtnarif zhir, I endeavoured to find out whether sulphiiric acid or hydrochloric 
acid (botli of the degrees of dilution mentioned at p. 48U.) would develope the 
gMHar d n e h oi mif favM. WiA HlMr, m ii ig itifi waetti, tiM eonvnlaiong 
■■4 llarts of iha needle were so powerful that I could not decida M ta the di- 
rection of \he current. With platina these disturbances did not occur, because 
it was tirst examined, aud tlie acids did not then act so violently on the zinc. 
With Mfyer mA Urn Ihtiy ▼anfihrt m oMMoiMa to th« fisree of the main effisct ; 
for with eapptr, the mlpkmu aeid, tad iridi lAm k^droehhrie add, had in the 
highest degree the superiority. Subseauent expenments, partly with bright 
filed distiUed stine, partly with ordinary, but amalgamated, showed me that also 
with p l aimm and mmr the golphuric acid haa the aaoendencyi althoHgh in a 
arleaidigMa* 
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t rated acid with 4 voL. water, or in weight 1 and 2 parts). In 
this case there was no indication of « > t ; the first deflexion 
occurred eveii with tlir first immer*?ion of the platiiin in favour 
of .s' <: ?^ and iiidiH'd vioieiiLly = 90°. Aii (he surcecdiiiiir 
eiiects were likewise powerful, and in the same direction. The 
deflexion was, with slip-ht vibiaUoii8, 80°, 70", 60", and so on, 
till at hist about 20°, iVoin vvlicnce, remarkably enough, it s^aiu 
increased. The ampUtude of the bst observed vibration went 
froiii7(]P + 30P. 

The yident actuMH of the add on the anc oUiged ne to tov> 
wrinato tha experaDEMat ; but it was immadiafedy lacwmmciiaad 
with awadyjiia/arf Jiaff a&d tiie wme ockL At present the cur* 
lant waa nearly zero ; only a aligfat deflenon of about 4^ be* 
tnqred an indination to # •< t. 

I now heated the platina, and indeed only that plate whirk 
was fo atand in the acid. On contemporaneous immersion of 
botli {) lutes (of which the oik heated had naturally, as in all 
similar expenments, perfectly cuoled) a deflexion of 90° in the 
direction s > i first resulted, immediately succeeded by one like- 
wise of 90° in the direction « < ^ and the needle now vibrated 
an tho ^fff*iy aida of tha nwr f P ^ ^i ^i aDCoaattval^ abwifr tiw pffintiT 
85^ 80^ 75°, 70% 60% 50% 40% till at last, after aomamiiiiite^, 
it merely indfioitod a pennttMat deflaiioii of 8% but aftillalwaTa 
in the direction .y < i. 

The heating of' the pktina was at present peffenncd on the 
other plate, wMck wa$ to be placed m ike iodide of p^asnum. 
The result on immersion w as of thp same kind, but considerably 
less in strength thnn tlic ])revious one. The first deflexion 
in favour of s :^ i amounted only to 5°, and the one immediately 
succeethng, in the direction s "ci, to 22^ only, upon which the 
needle then soon t ame to rest. A pecond heating of the plate 
to be placed in the acid, produced again the same lesult in its 
wholefbiee. llie first deflezkm^ in the ditectkm # > was 90^; 
the aeoQod, m the direction Jikewise 90% and the cumnt 
now ntamed this direction with great eneigy, whidi dininiahed 
but very alowly*. 

• Tliis ])hcenoincnon also appeared when dilute hy drochloric acid was eni- 
jjj^yed, aud to a far greater extent. Jl, after the ellect has decreased to zero, 
Wi plate iCaadilv in th« Mid b« Uken out, washed, heated, and, after cooling, 
re-immersed, a movement of 90", in the direction « ^ i, is immediately oh- 
tAined, succeeded hv a highly perniaiient defleidoii in tiie same direction. If 
after the deflexion has n^ain descended to nearly zero, ve perform the same 
operation with dia plate inwrted in the iodide of potaatete» this has but a vtqr 
weak, in most cases, no result. Heating of both plates acted as when this was 
performed solely with the lirst. I likewtito observed on this occasion that 
aeated pktea of pbtia* almoit vho^jr loae their remarkaUe effect by being 
■BifeDM Ibr toBte Iwara in Cht ttaMijplifra, 
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I hm oonuiwiiiested thM 
phMOBCM ia €iieiiite of the land deicribod aie by no mum 
always BO ibnple as il seemi tfiey riioiild be aoeording to the 
affinity-theory. That> moreover^ they do not speak for it k 
undoubted&y evident enongb* O^y at first and transitoii^ baa 
the sulphuric acid the ascendency over the iodide of potassium ; 
subsoqucntly this acid, althonprh it incontrovcrtibly attacks the 
ziiic more violently tlian the iodide of potassium (even with 
energy increasing during the course of the action), is always 
overpowered by it; nay, what is remarkable, the less dilute acid 
(with 4 times its vol. of water) succuml)s to the iodide of potas- 
sium to a greater extent than the acid diluted with 9 times its 
Yol. of water. How is all this to be explained from the relative 
afludly of tbe oxygen and iodine to the zinc ? 

Hie above flieta appear to aland in eonlnMlifltioa to tiie ex- 
perimant ef KHaday^ mantioned at p.487> in wbadi a oomnt 
was obtained with aoMniiie addt atrongly overpowermg the 
iodide of potaasiom* Iiowevery tbh eontradiction is merely ap- 
parent ; for, wbat was not there observed, the sulphuric acid was 
not pure, but pmpoa^y mixed with some nitric acid. A su^fiiiinne 
add, containing nitric acid, has in fact, (of which I have con- 
vinced myselt',) in a high dep-rce the superiority over the iodide 
of potassium ; a powerful and permanent deflexion in favour of 
< > t is immediately obtained, and at the same time there may 
be distinctly observed, from the yellow coloration of the solution 
of the iodide of potassium around the platina plate^ the separa- 
tion of the iocUne*. 

nevertheless, tliis fact is still employed, after so many 
l^mfr against Uie affinity-theory^ as an argument in favour of 
it, it may tbcn with jnatioe be adoad. Why then does the sul- 

* A dllnte nlplniric add, consisting of I vol. acid of 1*897 spec, gr., and 
4 vol. water, to wkSA was added an e^th of its Yoluine of nitric add of 
1*321 spec, gr.9 WM Hsed for this experiment, A more dilate mixture, con- 
auting of 12 futtM in v-eight of dilute sulphuric acid (1 voL concent, acid, and 
9 toi water), and one part In weight of the above nitric acid, gave by far 
weaker results. Platina^ combined with zinc, produced, it is true, a current 
in the direction » >■ t ; but even after it had boon licated, it did not equal the 
current from iUvtr-zinc or copper-zinc, Witii the combination tin-%inc the 
oanent bad tlw direction s ■< t, as with pure sulphuric acid. 

Dilute nitric acid alone (p. 489) likewise gives rise to similar effects. 0)pper, 
silver, heafrd platina, combined with zinc, immediately produced a powerful 
current in the direction s >• i. With non-heated platina the direction of the 
deflexion was the same, but the intensity only slight, merely 5° ; it increased, 
however, perceptibly, and without any oscillation the needle alowly nee to 
45°, where it remained. With tin the direction of the current was the revert^ 
•*. e. the iodide of potassium had the superiority, and indeed strongly. This is 
the more remarkable, as 1 convinced myself that the tin in the same acid 
If l^g^re^gtllfotoiliosinc. 
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phufio maAf without this addition of nitric add, afibid hi most 
eases the opposite result? Want of chemical action on the 
Einc it certainly is not ! And then, hrnr, even accordincr to the 
affinity-ili( orv, is the action of the nitric acid to be cxitlaiiied ? 

A ionjr discussion might here be opened; I will, however, 
merely touch upon nnc point. Taraday states that the addition 
of nitric acid tu the sulphuric acid increases the intenaity of the 
chemical action; and, after communicating some facts from 
wliudi he dr«w8 the conoluiion that thia acid does not inoKMa 
the gumtiiy of the eleotriet^, ha add* : ^'Thia mode of incMftr 
nog the intenait J of the eleetric cuirenty aa it exdudaa the eAet 
dmndant upon many pain of pjatea, or even the efiect of 
flAiftg anjr one acid stronger or weaker, is at once referable ta 
the conditions and force of the chemical aiHnities which are 
broiigrht into action, and may, both in princiy>le and practice, 
be considered as perfectly distinct trom any oihw mode ' . ' 

Here wo may with justice put the question, hat measure 
then do we possej^s for the intensity of a chenucal action? 
When the question as to the attack of an acid on a metal, 
we have, I believe, no other measure than the quantity of the 
metal which ia dlaaolved &0m the unity of anrftoe in the unity 
cf time. But with thia, certainly tiie moat natural, view, then 
ndato no reason why the nitric acid ahould enjoy any aing^ 
advantage over the sulphuric acid, when these adds are taken of 
ffubh a degree of concentration that they both dissolve just the 
same quantity of a like zinc surface in the same time. An ad<r 
vantage, according to Faraday's thcor}', is the less to be expected, 
aa botli acids are non-electrolytes, and their et!ect therefore 
could only be of like nature, and merely ( < insist in increasing 
Ihe afiiiiity of the oxygen of the water lor the 2inct« But 

• Faradav 's ExperimeDtal R«feaivhct,f 906. It may be ob«emd en pmrnant thst 

whtt the Paradayan theory terras the increase of the quantity of th« electridtgr 
is tlie same as heightening the ioxcc of the current by diminishing the resist- 
ance ; for instance, enlarging the surfaces, increasing ibe concentration of the 
fluidt, tberefbre precisely tha tame as diminuhing tta denominator of Ohm^ 
formula. By ekctrolytlc intemUy, or intensUy of the electricity, thia theory QD 
the other hand undersfaiid*!, at least with the simple ( in nit, the electromo* 
tive force, or the numerator ot this formula. But both expressions are some* 
times wed in a diflerettt seme, of vhieh I have already giren an examnle in 
the Annahnt vol. xlvii. p. 128'., and of which the explanation of the differ- 
ence between the current of the pile, and t!r.it of the sim])lp cirrrnt CExp. 
R«s. i — an explanation so perfectly simple, according to Ohm's liieory, 
— ogives a flirther proof. 

f However, with the nitric acid, whether employed alone, or mixed with 
•ulphiirie acid, the proceit ia not ao simple, even with the above-mentioned 



A Tkanalatiflii of the Memoir of Ohm baa joat appeared in Part VII. of 
ibe Scientific Memoira»^£DtT.3 
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•inoty neverHiiliis, a speoiSo diatinctioa iMiiai between tbi 
^ects of the two acids, tbe one, added to the water, developing 
a slighter, and the other a greater electnnnotive force than khs 
iodide of potassium, we should be forced to admit tbit the giMk 

Hit/ of the chemical action produces a specific difference in the 
excited electricity, and should thus again be brought back to 
the position mamtaincd by i)e lu Rive, but hitherto not proved, 
of the variety of electricities* I know not whether this is the 
gpimon of the English philosopher ; but the above-mentioned 
position, and another ia which he expressccj as a conjecture, "The 
same quail Lily of electricity may pass in the same time, nx at 
the same surface, into the same J^oompoaing body in the same 
(titte, and yet, diflering in inteiisityj wul dmrnpoteinonftoaii^ 
and ia this other iiot|'"t^woiild admit of audi a OQmtniotkmt 

But be Ibis aa it nu^^ so miioh is o«tai% that tfaaira ia bo 
need of the hypothesis of an increase of the intensity of the 
chemical action, in order to explain the experimsnt in queetion* 
I have in fret convinced myself in the most positive manasr 
that the result of the addition of the nitric add does decided^lf 
not arise from the chemical attack of thi9 neidomikt BinOb M 
4oUly from an action of it on tfie plaiitin. 

Instead of placing the zinc and piaiina in common in the 
stronsrer mixture of acids nit iitioned at p. 545, I separated the 
two acids by ammal iiit inbrane (bladder), inserted the zinc 
(amalgamated) in tlie sulpiiuric acid (1 vol. concentrated acid, 
and 4 vol. water), and the platina in the nitric acid (1 vol. con- 
cent, acid, and 6 yoL water), while the two other plates^ zinc 
and plating stood in the aolnlm of iodide of potassim Now 
dthough in this esse the ainc underwent no other attack 
in quantity and quality than in the espoiment !»f»%tHHi at 
p* 543^ in which the iodide of potassium had the asoendenej 
oja the sulphuric acid, yet the diiection of the current was the 
fSferse ; the iodide of potsMdmn succumbed to the acid. The 
current also possessed a very considerable intensity, and, if not 
quite «o powerful as in the case in w hich the zinc stood in the 
acid mixtnre, this, eviiK ntly, merely arose from collnteral cir- 
cumstances, partly from the separated acids having perhaps a 
weaker power of conduction than the mixed, partly, and with- 
out doubt chiefly, from the metals in the present arrangement 
bcin^ in a somewhat disadvantageous position, the communica- 
tion between the two being made only by the membranous 

moderate decrees of concentration i for it is at least in part decompoted, which 
ia indicated Ey the altered development of gas at the sine, and mme decidedly 
evident from the ammonia, the existenot of whidi m the aohttiim of cine may 
kp dittinctly demonstrated by the Ti4diiiw of m wmm sfositilie pfllMMk 
• Fand^, £i|pexioi. Rm. i 688. 
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bottom of a cylinder which contained the platina and nitric 
acid, and was surrounded by a wider one which received the 

zinc and sulphuric acid. 

To be penertly cfrtfiiTi tlint the mixed ockIs did not develope 
greater r icctromotive force thmi tlie separated, I caused them 
to np])r>se one another by substituting in the apparatus just 
described an acid mixture for the iodide of potassium. The 
experiment was in other respects similar to the previous one, 
only that the acids had a somewhat different degree of concen- 
tration. Both diluted acids consisted of 1 part by weight of 
concentrated add, and 3 parts by weight of water, and equal 
parts by weight of them were mixed on the one side of the 
circuit with each other, and separated on the other side by 
bladder. The experiment was made both with amalgamated 
and non-amalgamated zinc, and previously heated platina. 

In both cases the result was, (hat the fteparated acids not only 
errife an electromotive force quite as great as the mired, bttt 
Imve indeed a slight superiority over these ! The latter fact is 
the more remarkable, as the zinc plate (even amalgamatedy. im* 
mersed in the sulphuric acid containing nitric acid, is eviileiitly 
more strongly attacked than that in the pure acid, and yet, after 
washing both in water, is in this fluia negative towards the 
latter juate* 

i consider these facts, indeed, as more demonstrative than 
those ahreadjr mentioned at p. 541, with the hydrochloric acid; 
nay, as so decisive, that I regard the proofs against the tenabi- 
lity of the argument, derived from Faraday's experiment, in fa- 
vour of the chemical theory of galvanism, as perfectly destroyed 
by them*. 

However 1 cannot refrain from drawing attention to the cir- 

• The above fact is certainly dedahre againit die Favtdbyan theory, whidi 
mcrr Iv ndmits the chemical .ittack on metah as the cause of the voltaic electricity. 
On the other hand, according to the theory of Becquercl or De la Rive, one 
might deduce this near equality in the action of the separated and niKed acid 
from an accidental compensation with the earrent originathig from the contact 
of Vioth ncids. Now fluids excite, it is true, an electric current bv tlu ir reci- 
procal contact, as was lar&t actuaUj/ proved by Fechner (Poggcndoril's ^mim^u, 
xlviii. pp. 1. and 225.). A portion of the actioii may therefore in effect have 
originated from tlua cause ; but since the cnrrents, which truly originate from 
the rcciprocnl contact of the fhiids, arc nlwriys weak only, it is not probalilt* 
that this portion was considerable, and exercised any great influence on the 
main result. As already mentioned, the separated adcu have the raperiotity 
over the mixed when the fdalifn is inserted in the nitric acid ; the TerefM 
happens when the xinc is immersed in tlio nitric ncid Hut in botli rase? the 
superiority is only slight. This appears to me to prove, that the current trom 
Hhn flttida whidi in both cues mtiit ponen opponte dhectioD, bM no eoniider* 
•Ue part in tlie main action* 
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cnits composed of acid^ iodide qfpotassimti, amalgamated aad 
mn-amalgamated zinc. 

As evident from the Table, the current has in these circuits, 
on employing pure sulphuric acid or hydrochloric acid in the 
diluted state, alter a first deflexion in the diicciiua -< i, the 
direction « >• i with great eneig7j or the acid the ascendency 
over the iodide oi potuMimn. Bune is the case^ and uuLeed 
irithout the fimt deflexMia t < s vlwn <i^^ 
mlric add or jnire MM€l•M€l^f h^itoeManc aeid (tpee. gr. 
1*138) U employed.— In all these caaes, therefore^ the non^aamU 
gamaied zme acta aa a negative metal^ for instance like ailver^ 
towards the amalgamated ; and yet it ia always attacked far more 
eneigetically than the latter ; by the concentoated hydrochlorio 
acid, indeed, with a truly stormy -^nolence. How can this be 
explained in a aatia&ctory manner according to the chemicai 
theory? 

I say In a satisfactory manner ; for the explanation which 
Faraday has given of the cause of the positiveness or greater 
activity ot the amalgamated zinc in comparison with the un» 
aiiialgauiated, — Tiamely, that the latter, being directly attacked 
by tlie acids, neutralizes them by the oxide it produces, and 
thus retards the progress of onSda t ion, ^riiilat at the surface of 
the amalgfiouited sine the oxide formed ia inatantlf nmoved by 
the fiee add praent, and the dean metaUio aorraoe ia always 
ready to act with full energy upon the water*, can aoarcely be 
termed satisfactosry, as it is in open contradiction to e^perienc^ 
which ahows that under like aienmatances by far more of the 
unamalgamated than of the amalgamated zinc is dissolved. 

Juat as little can the doctrine of local and circulating chemi* 
cal forces, and the assumption that the latter are produced in 
grcnt( r enerprs^ or quantity by the amalgamated zinc thnn by the 
unanial^'^aii Kited t, be admitted liere, or {generally, as valid. This 
doctrine posspsses, it is true, such phancy, that by it all the nu- 
merous rases, where, as in the experiment of Bcrzcims (p, 486.), 
the negative metal is more violently attacked than the positive, 
may be set aside, w lUi the explauation that it is effected by a 
local action which adds nothing to the current ; but, on a closer 
view^ it ia nothing more than a giatuitoua hypothesis, which 
the chemical theory finda itself compelled to adcmt in order 
not most palpably to fall into a contradiction with tiie fiu;^ that 
the enei^ of the electromotive force no ways correaponda to 
the violence of the attack on the zinc or positive metaL Whex^ 
ia there any proof of this? It ia aa much in want of ooe^ ai 
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the In pothesis imagined by Do la Rive to get rid of the same 
difiiculty, viz., that the electricities separated by the chemical 

Srocess iiiid a pai lial reunion at the very place where they are 
eveloped^ and conse<^uently the intensity of the current need 
not neoesBarily ftand in direct proportton to the en«^ of tiiii 
moceae, — en h^^theeia which has alrady been dinected by 
Pecfanei^) and, in my opinion, foundere even upon this ground 
idone, that, caieris parSkui, the cumnt is the more intenee the 
better the fluid conducstoy i^e, the easier this reunion can take 
phce in it. 

It is rertninly fidvantage of the contart-theory that it needs 
neither the one nor the other hypothesis, but is perfectly satis- 
fied with the simple view, that the so-called local action^, that 
^^ bi( h happens even previously to the closinrr of the circuit, is 
a pure chemical process not at all appertaining to the circuit : 
but the advantage were but slight, if it could merely enumerate 
in ftvonr the simj^dly of this view; its veal superiority over 
the oheoiioal theones it acquires from its bein^ a view weB 
founded on &cts» AU cases more accurate^ examined, whether 
it be in the present Memoir or in fnrevions ones by Fecbnerf 
and others, prove in the most evident manner that the eneigT 
of the direct chemical attack oi the fluid on the positive meSd 
does in no way stand in any connexion with the intensity of the 
excited electromotive force. And on the other h;md it is not 
proved that the local action is ever converted into circulating, or 
weakened by iiX' What has been advanced as such, is evidently 
tourided on error. The decrease of the hydrogen at the zinc 
which results on the closing of the circuit, does not liappen 
from a iransfer of this hyctogen to the negative metal^ but 
limply fhnn the 03cy^n being carried by the cairent to the 
BUic> and there oombming with the hydrogen, I hope shortfy 
to be sbie to confinn this by fi«ts. 

The folluuing note has been communicated by M. Poggen- 
doi to the Translator, with a request that it should be added ; 

Ai I did not foresee on penning this memoir that it would have the honour of 
bring trsnaltled into English, it may be neeetMiy to obterve that I had not tbt 
intention of bringing forward a complete refutation of the chemical theory <f 
galvanism, but inoreTy to show that two facts recently brought forward in favotnr 
of this theory do not prove what it is intended they should. For the sauic rMk> 
■on many things have been pMsed over, or hut bfiefly notloe^f irbidi appearti 
unnecessary for Germany, but which needed a more detailed exposition for the 
English readers, wlio in general are unacquainted with the researches of Obm 
•nd Fechner. Amongothcrs, might here be enumerated the distinction between 
e^clroMofsve/oTM «ira mtemUtf of cHrrmf, the not taking which iilo OMiijim 

• PoggendorfT's ulnnalen, vol. xlf. p. 232. 

t For instance, PoggendorfTi Amuum, Yd. diii. p. 438. 

% Exp..llMMB<ehe% |996. 



Digitized by Google 



tion has already given rise to so many errors; further, the resistance of omto- 
dUon, ftnelfBM&tmtltertolitde attended to in England*, whidi b not merely in 
itidf of importance, but to which special regard must be had in ihe discussion 

of the two views respecting the origin of voltaic electricity, ns it is considerably 
affected by the chemical action. Very generally the heightening of the inten- 
sity of the eurrent by direet chemieal attack on the one or other metal of the 

circuit is merely due to the diminution of the resistance of transition, and is not 
a result of the increase of the cloctromntive force. But it must be proved with 
respect to this force, that it is in direct ratio to the energy of the chemical action 
on one of the metalt (or to the difference of the actions on both metale) of the 

circuit, if the chemical theory is to be regarded as founded. It would, howeTcr, 
then bo requisite to continue to separate and qnantitativoly to determine the in« 
dividual elements which have anv influence on the i:ttensity of the current, in the 
same way as it has been done by Fechner in his work, " Maat bettimmunffm 

ilher die Galvanische Kelfc ([.eipzio, IS.TI, 2G0 pages in quarto). I am con- 
vinced that the Knclish physicists, to whose /.cal and ability we are already in* 
ilebted fur so niany uitcrcsting faeU in the iteld uf galvanism, would add con- 
siderably to the extension of our scientific knowledge of this branch of pliysics» 

and would consider Feclmer'a TT^mmir on the Contact-theory'f In a difiereiit 
point of view ^vrrr tiiey more intimately acquainted with that work, based on 
Ohm's theory, and Ulu&lratiiig and extending it. 

Pooomooinw 

* By which, among other things, the recent, important, and interestine dis- 
covery of \f r. Roberts (See L. & £. Phil. Mag. fur Feb.) finds its explanation. 

t Besides the article on the Contact-theory, translated in the Phil. Mag., 
might be mentioned tvvo others in PoggendorfTs Annalent vol. xlv. p. 432, and 
Tol. xHx. p. 439. What Schonbeiki nas brought forward agdnst it does not 
appear to me t& have any weight, and Indicates his non-acquaintance widi 
Ohm's theoty. 



LX XXIV. ContribtUions to Electricity and Magnetism, Ko. IIL 
On Electro-dynamic Induction, By Joseph Henry, LL,D^ 
Prof, of Natural Philosophic in the College qf Nem Jers^^ 
Princeton, 

[Continued from p. and concluded.] 

Section VI. — The production of induced Currents rf^t djf" 
fereM Orders Jrom ordinary Ededridty* 

98. rjR» FARADAY, in the Ninth Series of his Researches, 
^ remarkst that ^ the efiect produced at the commence- 
meiit and the end of a current (which are .separated by an in- 
terval of time when that current is supplied from a voltaic 
apparatus) must occur at the same moment when a common 
electrical discharge is passed through a long wire* Whether 
if it Iiappen accurately at the same moment they would entirely 
neutralize each other, or whether they would not still give some 
definite pecuHarlty to the discharge^ is a matter remaining to 
be examined.** 

99. The discovery of the fact, that the secondary current, 
which eiusts but for a moment^ could induce anotiier current 
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of considdrable energV) gave some indicftUon tfiet similMr 
effects might be procluced by a discharge of ordinary elec* 
tricity, provided a sufficiently perfect insuiatioa could be ob-» 
tftined. 

100. To test this, a hollow glass cylinder, fif^. 1 1, of about 
six iaciies in diameter, was prepared with a narrow riband of 



Fig. 11. 




a glast cy Under, h Lejdea jar» t magQetinng spinil. 



tinfoil, about thirty feet long, pasted spirally around the out- 
side, and a siuular riband of the same length, pasted on the 
inside ; so that the corresponding spires of the two were di- 
reedy opposite each other. The ends of the inner spiral 
passed out of the cylinder through a glass tube» to prevent 
all direct communication between t)ie two. When tne ends 
of the inner riband were joined by the magnetizing spiral 
(ll.)» containing a needle, and a discharge from a half-gallon 
jar sent through the outer riband, the needle was strongly 
masfneti/cd in siicli a manner as to indicate an induced n/rrenf 
//iroug/i Ihc inner riband :n the same dirrrfiDn as that of the 
current ofth-' jar. Tiiis experiment was repeated many times, 
and always wiih the same result. 

lUl. When the ends of one of ilie ribands were placed 
very nearly in contact, a small spark was perceived at the 
openinj^, the moment the discharge took place through the 
other riband. 

103. When the ends of the same riband were separated 
to a considerable distance, a larger spark than the last oonld 

be drawn from each end by presenting a ball, or the knuckle. 

lOS. Also if the ends of the outer riband were united, so 
as to form a perfect metallic circuit, a spark could be drawn 
from any ] oint of the same, when a discbaige was sent 
Uirougii the innei riband. 

104. The sparks in die two last LX})erinieiiLs are evidently 
due to the aci on known in oidiaary electricity by the namtj 
of the lateral ui:>chai-ge. To render this clear, it is jterhaps 
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neoessarjr Co reeall the wdt-known fact^ that when the knob 
of a jar IS ctetrified posidTelyy and the outer ooeting in con-* 
n^ion with the earth, then the jar contains a small excess of 
positive eleetrictty beyond what is necessary to perfectly neu* 
tndize the n^ative surface. If the knob be put in communi-> 
cation with the earth, the extra quantity, or the free electri- 
city, fis it is sometimes cnllecJ, will be on the negative side. 
When the discharge took place in the above experiments, the 
inner riband became lor an insiant cliarged with this free 
electricity, and consequently threw oil Irom the outer riband, 
by ordinary induction, the sparks described. It theretore be- 
came a question of importance to determine, whether tlie in- 
duced cnrient described in paragraph 100 was not also a re- 
sult of the lateral discharge^ instead of being a true case of 
a secondary current analogous to those prowiced from gal* 
vanism» For this purpose the jar was charged, first with the 
outer coating in connexion with the earth, and again with the 
knob in connexion with the same, so that the extra quantity 
might be in the one case plus and in the other but 
the direction of the iruluced current was not affected by these 
changes ; it was always the same^ namely, from the positive 
to the negative side of the jar, 

105. When, however, the quantity of free electricity was 
increased, connecting the knob of the jar with a globe 
about a foot m diameter, the intensity of magnetism appeared 
to be somewhat diminished^ if the extra quantity was on the 
negative side; and this might be expected, since the free 
electricity, in its escape to the earth through the ribend^ in this 
case would tend to induce a feeble current in the opposite 
direction to that of the jar. 

106. The spark from an insulated conductor may be con- 
sidered ns consisting almost entirely of this free or extra elec- 
tricity, and it was found that this was also capable of pro- 
ducing an induced current, precisely the same as that from 
the jar. In the experiment which gave this result, one end 
of the outer l ibuntl of the cylmder (100) was connected with 
the earth, and the other caused to receive a spark from a con- 
ductor fourteen feet long, and nearly a foot in diameter. The 
durection of the inducedcurrent was the same as that of the 
spark from the conductor. 

107. From these experiments it appears evident that the 
discharge from the Leyden jar possesses the property of in- 
ducing a secondary current precisely the same as tlie galvanic 
apparatus, and also that this induction is only so far connected 
with the phaMiomenon of the lateral dischar^^e as this latter 
partakes of the nature of an ordinary electrical current, 

FhiL Ma^, 3. Vol. 16, No. 106. Su^^l. Jtd^ 18*0. 2 P 
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108. ExperimeQts were next made in reference to the in- 
duction of currents of the different orders by ordinary dec- 

tricity. For this purpose n second cylinder was prepared 
with ribands of tinfoil, in a similar manner to the one before 
described. The two were then so connected that the secondary 
current from the first would circulate around liie second. 
W'iien a discharp^e was passed throup^h the outer riband of 
the first cylinder, u tertiary curreiu was induced in the inner 
riband ot the second. This was rendered manifest by the 
magnetizing of a needle in a spiral joining the ends cm the 
lasWmentioned riband* 

109. Also by the addidon, in the same wav« of a third cy* 
linder» a current of the fourth order was developed. Toe 
same result was likewise obtained by n^ing the arrangement 
of the coils and helices shown in fig. 9. For these experi- 
ments, however, the coils were fiirnislied with a double coat^ 
ing of silk, and the contiguous conductors separated by a 
large plate of glass. 

110. Screening effects precisely the same as those exhibiLcd 
in the action of galvanism were produced by interposing a 
plate of metal between tlie conductors of different orders, 
figures 8 and 9. The precaution was taken to place the plate 
between two frames of glassj in order to be assured that the 
eflect was not due to a want of perfect insulation. 

11 !• Also analogous results were found when the experi- 
ments were made with coils interposed instead of plates, as 
described in paragraph 68. When the ends of the inter- 
posed coils were separated, no screening wa« <)b«;ervcd ; but 
kIilii Joined, tho eilect was produced. 1 he existence of the 
indiicLtl curi Lrit, in all these experiments-, was determined by 
the rnognetisni of a needle in a spiral uiuched to one of the 
coils. 

112. Likewise shocks were obtained from the secondary 
current by an arrangement diown in fig. 13. Helices No» j2 
and No. 3 united are put within a glass jar, aud coil Now 8 is 
placed around the same. When ue handles are crasped, a 
shock is felt at the moment of the discharge, through the outer 
coil. The shocks, however^ were very diiSerent in intensity 
with diffisrait discharm from the jar. In some cases no 
shock was received, when again, with a less rharf^e, a severe 
one was obtained. But these irregularities find an explana- 
tion in a subsequent part ofilic inve>tigation. 

113. In all these expcrinitnts, ilie results with ordinary 
and galvanic electricity are binulur. But at this sta^e of the 
investigation there appeared what at iirst was considered a 
remarkable difference in the action of the two. I allude to 
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a coil No. 2, b an inverted hell glass, c helices No. 2 and 3. 

the direction of the currents of the different orders. These, 
in the experiments with the <^lnss cylirulers, instead of ex- 
hibiting the ultiM nations of the galvanic currents (92), were ail 
in the same direction as the discharge irom the jar» or, lA 
other words, they were all plus, 

1 14f. To discover, if possible, the cause of this diilerence, a 
^ries of experiments was instituted ; but the first fact deve- 
loped, instead of afibrdine any new light, seemed to render the 
obscurity more profoima WbeQ t£e directioDB of the cur- 
rents were taken in the arrangement of the coils (fig. 9) the 
discrepan^ vanished. AUematiom were fimnd the same as in 
the case qf galvanism* This result was so extraordinary that 
the experiments were manv times repeated, first with the glass 
cylinders, and then with the coils; the results, however, were 
always the same. The cylinders rrave currents all in one di- 
rection ; the coils in alternate directions. 

115. After various hypotheses had been formed, and in 
succession disproved by experiment, the ideii occurred to me 
that die direction of the currents might depend on the di- 
stance of the conductors, and this appeared to be the only 
difference existing in the arrangement of the experiments 
with the coils and the cylinders*. In the former the distance 
between the ribands was nearly one inch and a hal( while in 
the latter it was only the thickness of the glass, or about 

of an inch. 

116. In order to test this idea, two narrow slips of tinfoil, 

about twelve feet loncj^, were stretched parallel to each other, 
and separated by thui piaies ot" mica to the distance of about 
jf^th of an inch. When a discharge from the half-gallon jar 
was passed through one of these, an induced current in the 

• This iilea was not immediately adopted, liecaiisc I had prcvioir ly ex- 
perimented on the direction of the i^econdary current from galvani«ai« and 
found no change in reference to distance. 

2P2 
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same direction was obtained from the other. The ribands 
were then separated, by plates of glass, to the distance of th 
of an inch ; tlie current wfis still in the snme direction, or 
plus. When the distance was increased lo about ^lli ol an 
inch, no induced current could be obtained ; and when they 
were still tiuther separated the current again appeared, but 
was now Jbund to have a dijjctmi direct ion , or to be minus. 
No other change was observed in the direction of the cur- 
rent; the intensity of the induction decreased as the ribands 
were separated* The existence and direction of the cur* 
ient» in this experiment^ were determined by the polarity of 
the needle in the spiral attached to the ends of one of the 
ribands. 

117. The questmn at tliis time arose, whether the direction 
of the current, as indicated by the polarity of the needle, was 
the true one, since the magnetizing spiral might itself, in 
some cases, induce an opposite current. To satisfy myself 
on this point, a series of charges, of various intensity and 
quantity, from a single spark of the large conductor to the 
full charge of nine jars, were passed through the small spiral 
which had been used in all the experiments» but they all gave 
tlie same pdarity. The interior of this spvnX is so small, 
that the needle is throughout in contact with the wire. 

118. The fact of a change in the direction of the induced 
current by a change in the distance of the conductors, being 
thus csta!>lishcd, n f^reat number nnd variety of experiments 
were made to determine the other conditions on which tlie 
change depends. These were sought for in a variation of 
the intensity and quantity of the primary discliarge, in the 
length and tnicknessof tiie wire, and in the iorm ot the circuit. 
The results were, however, in many cases, anomalous, and 
are not sufficiently definite to be placed In detail before the 
Society. I hope to resume the investigation at another time^ 
and will therelore at present briefly state only those general 
facts which appear well established. 

1 1 9. With a single half-gallon jar, and the conductors se- 
parated to a distance less than ^ih. of an inch, the induced 
current is always in the same direction as the primar}% But 
when the conductors are gradually separated, there is always 
found a distance at which the current begins to change its 
direction. This distance depends certainly on the amount of 
the discharge, and probably on the intensity; and also on the 
Icni^tli and thickness of the conductors. With a battery of 
eight half-gallon jars, and parallel wires of about ten feet 
long, the change in the direction did not take place at a less 
distance than from twelve |o fifteen iachei| and with « still 
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larger battery and longer coiuluctors, no change was found, 
although the induction was pioUuced at tlie dii>iance of several 
feet 

ISO. The laetiglraiQ the laal paragraph idate to Cba in-' 
dnetive aetioii of the primary cnrrent; bnt it appean from 
the r^ults d^'led in para^'mpbs 1 JO and uat die OQr« 
rents of all the other orders also change the direction of the 
indoctire infliMDce with a change of the difltanoCi in thete 
cases, however, the change always takes place at a very small 
distance from the conducting wire; and in this respect the 
result is similar to the effiM^toFajifTiaary (tirtvfi/froni thedis* 
charge of a small jar. 

121. The most important experiments. In reference to di- 
stance, were made in tiie lecture-room of my rc^})ected friend 
Dr. Hare of Philadelphia, with the splendid electrical appn- 
ruLus described in the iifdi volume new series) of die Tians- 
actions of this Society. The battery consists of thirty-two 
jars, each of the capacity of a gallon. A thick copper wire 
of about i^tb of an inch in diameter and eighty leet m lengtli, 
was stretched across the leetare-room, and its ends brought 
to the battenri so as to form a trqMsinm, flie longer side of 
which was about thirty-five feet. Alone this side a wire was 
stretched of the ordinary bell size, ana the extreme ends of 
this joined by a spiral, similar to the arrangement shown in 
fig. 19. Toe two wires were at fint placed wttbin the di- 

Fig. IS. 

9 




i 

c place of the batteiy, h ipifst 
Stance of about an inch, and afterwards constantly separated 
after each discharge of the whole batteiy through the thick 

wire. When a break was made in the second wire at a, no 
magnetism was developed in a needle in the spiral at h ; but 
. when the circuit was complete^ the needle at esch discharge 
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indicated a current in the same direction as that of the battery. 
When die distance of the two wires was increased to nxteeo 
inches, and the ends of the second wire placed in two glasses 
of mercory and a finger of each hand plunged into the metal, a 
shock was received* The direction ot the airrent was still the 
same, but the magnetism not as strong as at a less distance. 

122. The second wire was next arranged around the other, 
so as to inclose it The magnetism by this arrnnixement ap- 
peared stronger than with the last : the direction of the cur- 
rent was still the same, and cuiitiiuiud thus, until the two wires 
were at every point separated to the liistance of twelve ieet, ex- 
cept in one place where they were obliged to be crossed at the 
distance of seven feet, bnt here the wires were made to form a 
right angle widi each other, and the eflect of the approxt- 
matioa was therefore (46) considered as nothing. The needle 
at Uiis surprising distance was tolerably strongly magnetized, 
as was shown by the quantity of filings which would adhere 
to it. The direction of the cui rent was still the same as that 
of the battery. I lie torni ot the room did not permit the two 
wires to be separated to a greater distance. The whole length 
of the circuit of the interior large wire was about eighty feet; 
that ol the exterior one hundred and twenty. The two were 
not in the same plane^ and a part of the outer passed through 
a small adioining room* 

128. The results exhibited in this experiment are such 
as could scarcely have been anticipated by our previous know- 
ledge of the electrical discharge. They evince a remarkable 
inductive energy, which has not before been distinctly recog- 
nised, but which must perfortn an important part in the tlis- 
charge of electricity from the clouds. Some effects whicli 
have been observed during thunder storms, appear to be due 
to an action of tins kind. 

124. Since a discharge of ordinary electricity produces a 
secondary current in an adjoining wire, it should also produce 
an analogous effect in its own wire ; and to this cause mav 
be now referred the peculiar action of a long conductor. It 
is well known that the spark from a very long wire, although 
quite short, is remarkably pungent. I was so fortunate as to 
witness a very interesting exhibition of this action during 
some experiments on atmospheric electricity made by a com- 
mittee of the Franklin Institute in I8S6. Two kites were 
attached, one above the other, and raised with a small iron 
wire in place of a string. On the occasion at which i was 
present, the wire was extended by the kites to the length of 
about one mile. The day was perfectly clear, yet the sparks 
from the wire had so much projectile force (to use a cobp 
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veoicnt emreatioo of Dr. Hm) thai fifteen persons joining 
hikiidt aD«l standing on the gtomdp faoeived the nodt al 
ooca^ when the first person of the series touched the wire. 
A Leyden jar being grasped in the hand by (he outer coating, 

and the knob presented to the wire, a severe shock was re- 
ceived, as if by a perforation of the p^lass, but which was foimd 
to be the result of the sudden and intense induction. 

125. These eflects were evidently not due to the accumu- 
lated inun^ity at the extremities of the wire, on the prin- 
ciples of ordinary electrical distribution, since the knuckle 
required to be brooght vrHhln abont a quarter of an beh be- 
fore the spark ooelabe received* It was not alone Ihe qiian- 
tiir, since the experiments of Wilson prove thai the same 
effect is not produced with «n equal amount of electricity on 
the sur&ce of a large conductor. It appears evidently there- 
fore a case of the induction of an electrical current on itself. 
The wire is charged with a considerable quantity of feeble 
eiecfricitv, which passes of!* in the form of a current nlong its 
whole length, and thus tiie induction takes piacc at the end of 
the discharge, as in the case of a long wire transmitting a 
current of galvanic.in, 

126. It is well known that the discharge liom an electrical 
battery possesses great divelient powers ; that it entirely se- 
parstesy in many instanoeSf the partides of the bod;^ through 
which it passes. This teoe aet% in part, at Isast* m the dU 
lection or the line of the discharge, and appears to be ana- 
kgoQS to the repulsive action discoveved bj Ampere, in the 
consecudve parts of the same galvanic current To illustrate 
this, paste on a piece of glass a narrow slip of tinfoil, 
cut it through at seveml points, and loosen the ends from 
the glass at the places so cut. Pass a discharge through 
the tintoil from about nine half-gallon jars: the ends, at each 
separaliuii, wiU be thrown up, and soiiiotuues bent entirely 
back, as il' by the action of a strong repulsive force, between 
tfaem* This will be under- 
stood bv a reference to fig. U; Fig. 14. 

the enos are shown bent back 
at Of Of a. In the popular 
eaperiment of the pierced 
card, the bur on each side 
appears to be due to an ac* ^glaat plate; ^,^1,^', opeaimi 
Uon of the same kind. ^" tmiu i. 

1 17. It now appears probable, from the lacts given in pa- 
ragraphs 119 and 120, that the table in paragraph 92 is only 
an approximaiiuu lo the truth, and iliuL eacii current from 
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§alvanistn, as well as from electricity, first produces an in- 
uctive action in the direction of itself, and that the inverse 
influence takes place at a little distance from the wire. 

128. To lest tliis, the coinjKJUiul helix was placed on coil 
No. 1, to receive the indLiciion, and its ends joined Lo those 
of the outer riband of tiniuii of the glass cylinder, while the 
magaeiizinff spiral was attached to the ends of die inner ri- 
band. A feeble tertiary current was produced bjr thb ar* 
rai^ieinenty' which in two cases gave a polarity to the needle 
indicating a direction the same as that of the primary current. 
In other cases the magnetism was either imperceptible or 
Diifittf. With an arrangement of two coils of wires around 
two glass cylinderSp one within the other, the same effect was 
produced. The magnetism was less when the distance of the 
two sets of spires was smaller, indiailinj:^, as it would appear, 
an approximation to a position of neutrality. These results 
are rather of a negative kind, yet they appear to indicate the 
same change with distance in the case of the galvanic cur- 
rents, as in that of ihe dischaige oi oi tiiiiary eiecU iciLy. The 
distance however at which the change takes place would seem 
to be less in the former than in the latter. 

1S9. There is a periect aiudogy between the inductive ac- 
tion of the primary current from the galvanic apparatus and 
of that from the larger electrical battery. The point of change^ 
in each, appears to be at a great distance. 

130. The neutralizing enect described in Section IV. may 
now be more definitely explained by saying, that when a third 
conductor is acted on at the same time by a primary and se- 
condary current (unless it be very near the second wire) it 
will fail into the region of the plus influence of the former, and 
into that of the miiius influence of tim latter; and hence no 
inducliun will be produced. 

131. Thu will be rendered perfectly dear by fig. 15, in 
which a represents the con- ^. 

ductor of the primary car- ^'fr 

rent» b that ot the second- j ' * 

ary, and c the third con- ..i ■ ■ h 
ductor. The diameters ^. o. 

-f + + J &c., beginning at + - 

tlic middle of the fir-t + — 

conductor and extending 

downwards, represent the constant plus influence of the 

primary current, and those -f 0 , &c., beginning at the 

second conductor, indicate ijs inductive inllueiiceas changing 
with the distance. The tliird cunilucLor, as is shown by the 
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figure &Us in die plus tegum of Ihe primary current, and in 
tbe wnrms regkm of the secondary, and hence the two nciions 
neutralize each other, and no apparent result is produced. 

1 32. Fi:^. ! f> indicates the method in which the neutralizing 
ettiectis produced in the case 
of the secoiu] a 13' and tertiary Fig. I6« 

currents. iiie wire con- 3— — — ^ 

ducting the secondary cur- 

rent la repreiented by^ b, 

tiMt eoodtuting the tmtiary 

by Cf and the other wire^ to ^ - + 

leoetve the induction from Z $ 

tbewy bf dU The direction 

of the influence, as before) is indicated by + 0 — — , &c., 
and the third wire is af^ain seen to be in the plus region of 
the one current, and iii the viinus of the other. If, however, 
d is placed sufficiently near r, then neutralization will not 
take place, but the two currents will cons|)ire to produce in 
it an induction in the same direction. A siaiilar eiiecl would 
also be produced, were the wire ^ in fig. 15, placed sufficiently 
MMT the eondttctor & 

1S5. OiUTsntt of the iemdofdm were likewise pvodooed 
Jioni the excitation of the megneto-ekctrkal BMcfaina The 
lanie neutralistiig effects were observed between theM M hi 
the ceee of tbe currents from the galvanic battery, and hence 
we may infer that niso the same aftemationa take place in the 

direction of tlie several currents. 

134-. In conclusion, I may perhaps be allowed to state, 
that the facts here presented have been deduced from a la- 
borious series of experiments, and are considered as form- 
ing some addition to our knowled^je of electricity, independ- 
ently of any thecuretical constderationa; They appear to be 
hitifiMtdy oonnected with various phaenomena, which hive 
been Imown for aome y ear% bat which have not been referred 
to any general law of actioih Of this class are the discoveries 
of Savary, on the alternate magnetism of steel needles, placed 
at different distances from the line of a discharge of ordinary 
electricity*, and also the magnetic, screening influence of all 
metals, discovered by Dr. iSnow Han is of Plymouth f. A 
comparative study of the pha^nomena ol)served by these di- 
stinguished sava?i/Sj and those given in this paper, would 
prooably leucl to some new and important developments. In- 
deed every part of the subject of electro-dynamic induction 

• AnnaUs dr cyiimir rf de Phytiquet 1827. 

f PbikMopbicai I ransactiooi, 1831, [noticed in Phil. Mag. and Aanai», 
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appears to open a field tor disooTeryf whidb ezperiaMtttal 
inaastry cannot fall to coltivate with immediate racoeas* 
Note. — On the evening of the meeting at which my infeitl- 

gations were presented to the Society) my friend, Dr. Bacfae 
of the Girard College, gave an aceonnt of the investigations 
of Professor Ettingsnansen of AHenna, in reference to tne im* 

provement of the magneto-electric machine, some of the re- 
sults of which lie had witnessed at the University of Vienna 
alioiit a year since. No published account of these experi- 
ments has yet reached this country, but it appears that Pro- 
fessor Ettingshaubcn liad been led to suspect the develop- 
ment of a current in the iiu tal of the keeper of the magneto- 
electric machine, which diiuiiubheil Llie eflect of the current 
in the coil about the keeper, and hence to separate the coil 
firom the keeper by a ring of wood of soma thieknes^ and 
aHerwardsy to prevent entirel;^ the clrcnlation of ciunents 
In the keeper, by ^dividing it into eementSy and s e p arat ing 
them by a non-conducting material. I am not aware of the 
result of this last device^ nor whether the maoha&ieal difll* 
cnlties in its execation were folly overcome. It gives ma 
pleasure to learn that the improvements, which I have merchr 
"n^gested «s .leduetions from the principles of the interference 
ot induced currents (76), should be in nccnrdnnce with the 
experimental conclusions of the above-nanietl {>llilo^ol^her. 



LXXXV. — On the Heat of Vapours and on Astronomical 
Refractions. Bj/ John William Lubbock, Esq.^ Treas, 
R.S. F.R.A.S audF.L.S.,yice-Chancelio)-^i/ie Universii^ 
qf London^ 4*^. 

[Continued from p. 514.] 
ON THJK 6T£A|f4^1iCUN£« 

law which connects the pressure and the temperafcnva 
of steam having been unknown^ various empirical rales 
have been gi^en. A8» however, the expressions which arise are 
Dot in a convenient form for the calculations which are 
quired hi order to ascertain the duty which steam-engines are 
capable of performing, or to solve other problems of the same 
nature, M. de Pambour^, in his work on that sub^ectt baa 
employed another expression^ viz* 

in which f is the density of steam, p the pressure, and fi and 
q constants. According to my expression 

* Thiorie tie la Machine u Fapeut, p. ill. 



1 _ (1 -g) 
7 1 * 

The pressure being reckoned in atmospheres, and the density of 
Steam corresponding to the pre^bure ot one aiiiiubphere (or 14*706 
lbs. per square inch) being unit^. If we take the density of water 
Ibr xmtf, thtn as the volume oi ateem «t the preeiim of one atmo< 
apbtre ii 1700 tunes greater then that of the eame weight of w«Cer» 

ft* — — jr«ii70o(£- I) 

log = 2*4765041 —SB 1*0134 B = 1*17602. 

y 

If we somee that a certain volnme of water represented S be 
tianifiimied into vapoar at the prenure and that if is the abso- 
lota Tolume of vapour which resulte, we shdH have 

If afterwards the same volume of water is transiarmed into vmoor 
at the pressure //, and that the absolute volomewhtch theremUng 
vapour occupies be called M'^ we shall have 

AT 

M pTr Bp 
if" 

pr—Bp 

• Soft* P la pression £otale (le la vapeur dans ia chaudiere, et p' 
la pression qu'aura cette vaptia a son arrivee dans le cylindre, 
pression qui sera toujours moindre gue P, exceptddans un cas par- 
ticulier que nous traiterons plus loin. La vapeur penetrera done 
dans le cyUndre i hi pression ^, et continuera d'affluer avec 
oette presirion et de produue un eflbt correspondant, jusqu'a ce t^ue 
la communication entre la diaudidre et le cylindre soit interceptee. 
Alors il oessera d'arriver de la vapeur nouvelle dans le cylindre* 
man celle qui j est d^jd parvenue, commencera i se dilater pendant 
le reste de la course du piston, en produisant par sa detente une 
oertaine quantitd de travail, qui sT^outera i oelle d^A produite pen** 
dant la p^riode d'admission de la vapeur. 
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<*P etant la pression de la vapeur dans la cbaudicrej et la pres- 
sion (ju'elle preiuira a son arrivee dans le cylindre avant la detente, 
soit TT la pression de cette vapeur en un point (juclconcjue dc la de- 
tente. Suit en meme teinps / la longueur totale de ia course du 
piston, la portion parcourue au moment ou a commenct la de- 
tente, etK odle qoi correspond au point ou Ja vapeur a accjuis In 
ptesnoii »• Enfin, scit encore a I'aire do piston, et c la liberte iiu 
f^Undve» c'es^4-dlre I'espace Itbre qni extste i ebaque bout du cy- 
liiidre^ en-deU de la portion parcoume par le piston, et qni ee ran* 
pHt nicessairement ae vapeur a cheque course; eet eqfMwe, y 
pris les passages aboutissanti^ ^Cant reprten^ par one ~ 
^quivalente du cylindre. 

Si Ton prend le piston au moment oik la longneor di 
courue est A, ct la pression ir, on verra que si le piston pucour^ 
outre, un espace clementaire dx^ le travail ^Idnicntaire produit dans 
ce mouvement sera tt a d X. Mais en meme temps, le volume 
a (P -i- c) occu})c }iar le vapeur avaut la deteute sera devena 
a + c)" Hence, 

1 



1 



Hie elemental^ work prodooed s r a dx, 
radXB««(XH-<7)- 5i(x + c)d» 



mV^Em 

H-a(/^+.c) ^^^(y^^y^ log(l-£»M + €OD.t, 

This integral is to be taken from Xss/'toA'=/^letn'=:^ wben 
A= /, when A SB TT =y. 
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J* TT a il X s= /> a (/ 4- c) — a (I* + f ) 

for the values of the constants y. See p. 511. 

To this must be addetl the work elTected during ilie course of tlie 
piston through wiiich is p' a /, and if 22 is the total pressure ex- 
ened upon unity of surface of the piston 

Jin (I + ^) -*jp^«c ^ 

Li 

72 — ( 1 + r + 4.^yis the friction of the machine not loaded, 
8 the increase of this friction due to unity of the charge r, jf* the 
pressure on the surface of the })iston, representing the atmospiieric 
pressure w hen the machine works without condensatioDi and other- 
wise the pressure of condensation in the cylinder. 

If 5 oenote the volume of water converted into vapour by the 
boiler in unity of time, this volume in the cylinder becomes 

T 

K being the nme eonftanc as In |i. 568* 

It b evMenty accotdin^ to the reasoning of Bl* de Funboorf in 
IK 195. of his work, that if v denote the vemity of the piston 

— a*.va— j-* (B.) 



* lUtftoimilon 18 equlffakntto Hm tfultoi (A) M. d« BuAow.p, IM^ ipUck 
WKg bf pot lolo As Ibrai 

pa(f+c)-|/-4J+l? M^kg {|,^^} 
bong redcoMd fa Um. p«r iqutif lacli. ' 
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tSK 



Similarly, 



(Z' + <:) ~" ^ * 



K 



1/5 1 



IS 



pk av(l c) 
pa {I — y ff^ 

^ fl + c) — ^' a c — +/) a ^ 



If the roafihine work without ezpilisiony 



1 + fi 



The data upon qnfistions relating to the steam-engina are the 
quantities or, l\ aod v, aad it la evident that from iheae quail* 

titles the quantities ju,and ft! may at once be found by an easy arith- 
melica! operfltion; from these the following table will give the 
corre?poTi(liiir[ pressures p and //, and these pressures l>ein£r in- 
troduced mto equation A> the valuta ol a r may be easily found* 



♦ Log. of Bnggs, th« 



_ nekoMd in a 



tmoiplMrat, tbt log. of tbt 
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Table showing the Toliiiiie (eomiMred with that of water at S19% 

and the tenperatttre of ateam. 
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The following example wiU serve to show in what mimfr ||ie 
table was calculated. 

Ex. — Calculation of the temperature and volume of he 
the pressure of 180 lbs. per square inch* 

kg ISO -MSfttTlS 

M760S 

2*0651059 

log '14189 - 9-1519518 

SOmiimiogBw 

Tfloap. Fabr. Air Tbenn. 370*7 

4*8 

Temp. F«br. Mare. Hum. m S78-ft 
INlOSOOf 

log— -s^imsi 

^ M131641 



2-83€2764 « log 1 72 ^ » 172 

The following data are taken from M. de Pambour's work on 
the Steam Engine, p. 238. 

i* :='25l «» 250 f » -5 (lb. per square inch) ) = -14 

/ = lftft. a - 12-666 sq. ft. iS«-d27cut>.A. 

4 Un. per square inch, c *05 / 

kg VB> 2-3979 trK> kg « 2-3979iOO 

kg a » 1-0991971 log a = 1 0991971 

fbg'eO* 9-4771?13 loglHtf » 0 UL>n89d 

9^4am S*51SSaf4 
log 5 9^9670797 log 9^0797 



3 007 1 787 » log 1016-6 3-5512467 - log 8558-8 

1016-6 |»» 8568-8 
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Hence !>y the table ^ =: 85*686| p — 6*627 reckoned in lbs. 
per square inch. 

f/ ^ 1*7466, p = '4500, -f /= -3060 in atmosptMU 

log 1746G = -2122019, log -4506 = 9*6538234 

•2428019 X. -0134 - •O()324550546 



9*9967545 
0*0704184 



<HM71799 logM6797 

6*8461770 X -0134 = -(KUtiaHZrOtU 

•0704184 



•07^0671 * log M88W 

log •18865 »IK2756568 
log*107S7-9'flS34181 

0*052«3«7 



log p » 9*6538224 
log a - 1*0991971 
log(/ + «>-»l-<»11^ 
l«774SO08 
59-467 



logp' = 0*3422019 
loga = 1*0991971 
log cm 9*6989700 



1^4 
8»451 

49^5 



logo = 1 own 971 
log/ « 1*0000000 

1*584»150 
88^1 



log/ 

UtgS 



logp = 



4-64tl966 
1-0000000 
9*9671554 
8-7179993 



4-32G3443 
2-3979400 

1-9S84048 

84*803 
59-457 



log94-884«- 1-9789641 
log 14-706 X.M674946 
log 144 1.9-1588686 

log /(I +3) = 1*0569049 



4*2459163 
«r « 17616 



144*259 
49-426 

94-884 



ar^ 17616 expressed in M. de Pambour finds a r 

[To be continuocl.'] 
PhiL Mag, S. 3. Vol. 16. No. 106. Snpji>L Julif 1840. 
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LXXXVI. Oti the Combinations 0/ Carbon with Silicon and 
Irouj and other Metals, forming the different Species of Cast 
Irofij Steelt and Malleable Iron, Dr. C. Scuafuaeutl, 
of Muntch, 

[Continued from p. 5^, and concluded.] 

f N scarcely an^ analytical proceedings has the presence of 
^ electro-negative metals been more overlooked, than in tlie 
analyses of cast iron, steel, and wrought iron : the best irons of 
Sweden contain, as we shall soon show, a considerable quan- 
tity of arsenic, and the celebrated English Loxjo-Moor iron 
contains still more. By forging the best English cast steel, 
arsenic is vohnilized and may be very easily detected by the 
smell ; and the blacksmiths who forge Low^Moor iron, ti e- 
auently complain of the unpleasant smell which escapes (by 
tnem termeaasulpbureoiusniell), causing them often swelled 
lips. It is for this reason that the L<m-Moor iron surpasses 
in hardness and tenacity all other English iron. The same 
iron is known for its capability of being converted into bar- 
steel for eoeeh'qtringif although not be&ng a higher degree 
of conversion. 

It is known that Wootz, or Indian steel, as well as cast steel 
made from Daiineniora iron, is particularly adapted for cutting 
iiibtrunienis which require an extremely sharp fine edge; but 
for purposes in which great tenacity is required, without 
u purticuluily fine grain, where the steel is required to be 
welded at an elevated degree of heat and in large masses, the 
celebrated Russian CCND iron is far prelerame^ containing 
besides a large quantity of silicon and manganese, also a large 
quantity of pnospborus. 

To the presence of sulphur as well as arsenic is generally 
ascribed the property of the iron being red-short, and the 
sulphur particularly has in this respect a bad reputation. 
Karsten declares that even the presence of 0'0:^375 part of 
sulphur is capable of making the iron totally unfit for use in 
a red heat, because he caused Milptmte of lime or gypsuiu lo 
be melted down w ith iron ore in a biubi furnace, and found the 
iron prepared from it perfectly red-short, containing only the 
small quantity of sulphur just mentioned. Bnt he did not in- 
vestigate the other contents of the redpshort cast iron, which in 
* such case contains always calcium or sulphuret of calcium in 
its composition as well as sulphuret of silicon. If such a small 
quantity of sulphur as Karsten mentions, would make iran 
red-short, no malleable iron at all could be produced by nu nns 
of pitpcoal» aseven the softest and best English iron invariably 
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cnntaiiif mm sdplnir tbu tht qvantity mentionfld by hinu 
Charcoal itaelf impafts a portion of aulpfaur to the iron. 

Ab a finthcr proof of what has just oeeii assertedy we now 
refer to some ^cimens of Frendt cast iron, the produce of 
the fumaoea near Jl&ist d^partenent du Oard, at the foot of 
the CeTennes. 

These specimens were produced from hydrated oxides of 
iron, which cover the summit^ of several Iiills of limestone and 
carbuiuierous sandi»lone exu tiding over a long district, and 
have undoubtedly been deposited in this strite by water. The 
greatest part of this ore has a perfectly oi liiy appearance, in- 
termixed wiUi masses of led oxide of iron, which is so simihir to 
oxide ol iron, precipitated fioni it.> huluUon m acids bycausLic 
ammonia, aod dried on a filter, that it is impossible to dii>tia-> 
^uish becweeD llie two tpecunant whan placed togethert which 
18 the artificial and which the natoral. At it ia the mode in 
Frenee to b»uj the iron orei only in the dr^ way in a amall 
emciUeb lined with charooal, nothing more is obtamd than fha 
onantity of metalUo iron which is contained in the ore ; ^ aa 
tiioi e ores were found to be vcfy rich and in great abundance^ 
a large iron-work has in conseqneaee betti ended; but actual 
trial of the ore in the blast furnaces very soon convinced the 
proprietors, that in the selection of ore for pmcttcal purposes 
more research is retjiiired than the mere meltinir down of three 
grannnes of iron ore m the crncible in tiie laboratory. 

The iron obtained troni this ore had invariably the bad 
qiuiliiy of eniiuitig a great quantity of fumes during heating, 
and not Welding except in a state of half-fusion. But when 
this welding was accomplished, the iron naturally had lost its 
qualitv, and was found to be bnmt This ore is invariably 
mixed with a sabaneaiato of iron, which contains in 100 parts 
7 of arsenic acid and 18*68 of water» and is mechanically mixed 
with iialena, Ixramonite, and similar minerals. The small « 

rititj of arsenic in this ease is easily overlooked even with 
blow-pipe^ and generally no olher means will detect the 
presence of arsenic except a current of sulphnretted hydrogen. 

The manner of conducting the blast furnaces with pit coel 
in France is, notwithstanding the great difference in the ores, 
exactly the same as m England; and English workmen are 
down tothe present time ^rnerally employed, not only in work- 
ing at the puddling furnaces, but also at the biast furnaces. 

It will be apparent, that the above-mentioned ore is ex- 
tremely fusible, and reijuires therelure a very careful arrange- 
ment of the fluxes, in order to obtain a tolerably good quality 
of cast iron, puttcnlarly as in this hot southern climate liic 
ramfled and dry air has a peculiar influence on the produc<% 
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tion of tbe blast furnaces under some circumstances, which 
I shall further explain ; so that I witnessed for months a dif- 
ferent working ot the blast furnaces, even at difierent periods 

of the (lay. 

Notwiihstandinf^ the profusion of rich ores throughout 
France, it is infinitely more diHicuit to jirodiice iron of p^ootl 
quality from them, than iium the day iroubtone in Eiigiaml ; 
and excepting where iron is melted down with charcoal, the 
iron producra is of very inferior quality compared widi that 
of England. 

As I think it will be very instructive to examine the chemi- 
cal properties of several specimens of such cast iron, obtained 
from the same ore and in the same furnace^ I shall briefly 

describe five specimens of iron from the furnace of Alais. 

I call the first (a) • it has n dead G^ray appefirnnce, but is in- 
tersected by somewiiat wiiitibh sinning rays in^r a distant re- 
semblance to the lamellar crystallization ot wlutc crvstallized 
charcoal iron. It was rutlit r hard and brittle, and its specific 
gravity was 7*4!4>2. Hit: second specimen {I)) was ublainetl 
under peculiar drcumstances. During one cast, in particular, 
the iron ran firom the hearth into the moulds in the sand, and 
the rapid oontractbn of the exterior of those pigs forced out 
the still liquid interior through the face of the pigs like a 
fountain. The iron thus forced out is the specimen (b) ; it 
had a silvery white appearance, broke with large ciystalline 
]^]anes, approaching somewhat to a cubical fracture^ and had 
a s})ecific gravity of 7*33. 

The specimen (r) was also perfectly silver-white, consisting 
of an extremely large pearl-like granulation, easily to be 
broken, and its specific gravity was 7*582. 

Specimen [d) was extremely difficult of fusion, scarcely to be 
melted down in the fineries, and not at all available in the 
puddling furnaces ; its specific ^vity was 7*61. 

Specimen {e) is a malleable iron produced from gray cast 
iron, obtained only from a few casts during the beginning of the 
working of the blast furnace. Its qualities we shall atowards 
describe. 

On treating the specimen (n) with hydrochloric acid in the 
way before described, I observed, ihnt during the Inst wnsh- 
ing of the sulphuret of lead with lioilmg-hot distilled wa- 
ter, aciduluiud widi hydrochloric aciil, as soon as this water 
dropt beneath into the solution of nitrate of lead, the surface 
of the liquid assumed a beautiful bright vermiiion-red colour 
during the formation of chloride of lead. As soon as a const- 
derable quantity of the coloured fluid was collected, I decanted 
it into another glass and found next day that the colouring 
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matter was deposited) traversed by beautiful red needle-like 
crjrstals; these crystals washed with water during solution lost 
their colour, were not soluble in alcohol, and heated in a glass 
tube emitted a very pmigent smell somewhat resembling cya- 
nogen. 

The liquid solution of nitrate of lead smelt very strongly of 
hydrogen developed tVom cast iron, and I am convinced, liiat 
this compound of hydrogen, carbon, azote, and sulphur lui ms 
a salt with the oxide ot lead, which is more dibiiuct, when the 
acid, in which the cast iron is dissolved, is so weak, that little 
or no sulphuretted hydrcffen is disengaged. When acetate 
of lead is used» and die lead carefully precipitated by sul- 
phuric acid, this compound is separated from the lead and will 
oe found to swim on the surface of the liouid. It is un!brtu« 
nately too little to be collected, and the only way to glean some 
idea as to its composition is» to detonate the hydrogen with 
oxygen *. 

Another remarkable circiinistancc i?, iliat in deterniining 
the quantity of arsenic contained in the iron by boiliiig it in 
nqua-regia, dropping the neutralized Altered liquid into iiydru- 
bulphuret of amtiionia, and decomposing it carefully wiili acid, 
the precipitated bulpluir, during ilii solution in aqua-rcgia, de- 
posited invariably a black scaly heavy substance, darker than 
graphite. From 12*89 grains of this sulphur, I separated 
0'S6 grains of these black scales. By heating them in a glass 
tube, sulphur was disengaged, and black dull scales re- 
mained equal to 0*1488 grains. These black scales were not 
soluble in any acid, and appeared through the microscope 
mixed with white transparent grains. A part of these scales 
heated on n platinum foil bepraTi to sparkle, glowed in a very 
lively manner, which after ^.onic time ceased, and a white 
powder remained, mixed with iliobc transparent grains. The 
powder before the blowpipe appeared like silica, and the scales 
consisted therefore probably ol bulphuret of silicon, or a mix- 
ture of sulphuret of silicon with metallic silicon j or it might 
perhaps be considered as a compound of sulphur, carbon, and 
silicon. If we consider it as a simple sulphuret of silicon^ we 

6 

might obtain the not very probable formula Si S. 

* A series of experiments, wMcb f have made recently, and vince the 
writing of the above paper (wliicfi only contains the experiments made 
while travelling throni^h England and Fram e), conBrm entirely this opi- 
nion. 1 shall c'luciiiate tbu subject further in a paper on the ^ises deve- 
loped by treating iron with adds, and describe at the same time a new 
portable apparatus for analysing the coni] oiiiid radicals (of organic che* 
mistry), by means of winch the oxvircn, liydrofjen, rnrbon, and asolC of 
the compound are easily determined in one operation onlj. 
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The remainder of the solution of this iron in liydrodhkitfici 

acid, heated in the crucible, shaioed no dispoiitioH to ghm ISkm 
the specimens before-mentioned; it lej still daric on the both 
torn, after the cradble had become Ibr ft comiderable time red- 
hot, atid after four ignitions its appearancewas but very slightly 
altered. It increased after the first ignition = 0*064 

9» second ,5 = 0*209 

„ third „ = 0096 

t$ fourth =0*016 



0-385 

85 grains of the specimen (a) boiled in aqua-regia for five 
miooteSt kft a residamn only « S'7625. It was tms eohttioo 
in whieh the belbre-mentkmed black eeales weve gannmled. 

^ The same auandty of iron treated m a retort widb dilnlsd 
nitric aeid» left only 2*80 grains of residnnniy withoat the de- 
velopment of any carbonic acid, which shows that doring tlM 
solution a new compound is formed^ of which aaola and 
hydrogen form a prominent parti 

By treating the same quantity of iron with still more di- 
lute nitric acid, carbonic acid gas was eYolved» and the r^ 
siduum was found to be S'l l^ grains. 

From t\\is rcbitluum, boiled in a platinum dish with nitric 
acid, sulpliur was very soon sepurated, which was removed 
after renewing the acid ; and boilnig iL again till decon^^x.^ition 
was entirely completed, perfectly white silica was separated, 
which in the course of drying on the filter, became inter- 

Srsed with beautiful blue spots, having a resemUanoe to 
ffphate of iron* 

The 9*3 grains residuum of the iron, troatad hi the seoond 
experiment m the retort, was^ after the action of the acid had 
ceased, poured out with the add into a china dfadi^ and »• 

mained untouched for six wedn. 

After the lapse of this time^ a brown sedinmt was as usual 

found on the bottom, and in the middle of it a white mass, 

composed of gelatinons ij^ranulations, interspersed with brick- 
red or vermilion po!iit>, like vanadic acid. A great part 
of this gelatinous re-suluiiiii retained the perfect form of the 
fragments of cast iron, tlie s/cclelon of which they formed. 

These gelatmous fragments, wlien divided, showed the in- 
terior to consist of gelatinous layers, which from the second 
layer down lu tlie centre were of a beautiful blue colour. They 
imparted to diluted hydrochloric acid when poured over them 
a green colour, which was destroyed by ammonia, and again 
revived by adds* Reagents as wdl as the blowpipe disoovwred 
nothing in the solution eatcept protoxida of uoOf carbon and 
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aaote^ aod the blue tints a|>peared to me therefore to form a 
tytauumt of iron (?)• 

The fldatuMNis mastt viewed through the mieroioop^ oon- 
abted or an aggregation of galatmoot grains of sUioii Inter* 
ipmod with grains at least ten times smaller of a vermiUoo 
ooloor* The blue layers had the same composition, with the 
exception, that the silica was penetnUed by the beibre-flMiH 
tioned blue colour. 

From these experiments we can perceive very plainly the 
mechanical structure of the wliiie cast iron, in which the 
close coHiiexiuii of the silicon with carbon and azote is beau- 
tifully developed. 

The disappearance of the blue colour from layers on 
the ouMb cliiring the cootact of the add and the auv shows 
the progrsssife formation and deoomposttton— as well as the 
inter^rsed brick-^red gnm rssembling vanadie add, and 
OKplauis the meohanioal arrangement of the difoenc oonstio 
tnents of cast iron. 

The specimen (6) shows other remarkable qualities. Treated 
with concentrated hytlrochloric or nitric acid, the yellow pow- 
der, con^iisting of sulphur and silicon, as already mentioiRd in 
a foi f.\L;()ing part of this treatise, was iuvariably sepni ated: 
1'80 plains of this yellowish-Ln :iy })owder, which swnin as a 
vij»cid mass on llie surface ui the ii4uid, lieuttd on pluLiiiuni 
foil, lost 0*80 grains of sulphur. The remaining 1*0* of this 
veUowisb-gray powder, ignited with carbonate of sodsi was 
mnd to be oontraded into a yellowishrbrown caka^ adhering 
▼aiy strongly to the crucible. Two grssa-green drops of manK 
fUMe of soda adhered to the lid ; silica was separated amount- 
Iittto0*1611 ; oxide of iron ss 0*855 ; alumina s3 0*088« 

if we consider the sulphur united with the iroOf the 
formula resembles n bisulphuret of 'uoOf aru) we have 

Silicon ...... 0"U77 

SLiijiliurct. ut" iron . . . U'945 
Sulphur 0*800 

1*828 

05 if we take the ingredients as ihey appear^ 

Silicon 0-077S9 

Ahuninum . . . • 0*01348 
Iron and manganese • ^ 0*85500 
Solphnr 0-80000 



This yellow powder separated was soluble in aqua-r^ia^ as 
.well as in caustic ammoma. 
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Farther, I dissolved SO grains of the present specimeii of 
cast iron in aqusrregia; it was quickly and violently attacked, 
leaving a black coaly residuum. Nevertheless 1*11 grains 
of the iron remained uudissolved» which I carefully washed 

and separated. The solution was then evaporated to dryness^ 
mixed with live times its weiglit of soda, and exposed to a 
white heat in a clmrcoal fire. The mass was found afterwards 
to beofayenowish-bro\Mu:(>l()ur, intermixed with black lumps, 
and several white drops adliered lo tiie iid. Acidulated water 
was poured over ii, and the whole digested for some time, 
A light gray muddy liquid was liie result j but the luabs on 
the Dottom was not much attacked. After chaoging the add, 
its action was very soon stopped again* By adding more 
add the action began again very violently ; the whole mass 
in the crucible was converted into a black viscid mass, filling 
up the whole crudhle^ while disaogaaing carbonic acid with 
a particularly sharp hissing noise. I poured the whole into 
a cliinft dish. In the green liquid I found swimming n black 
flocculent mass in considerable quantity. After sometime hy- 
drogen gas was devch)ped, and the black ma^^ began to di- 
minish gradually in bulk till all traces of it were lost, and the 
colour of the liquid, green before, became changed iuio yel- 
low. 

The evolution of hydrooen proved that the black mass must 
have been a reduced metallic body» either silicon or iron. It 
is very curious that the alkali shewed such a reducing power, 
which seems to be derived from the carbonaceous matter 
combined with the oxide of iron ; a case which never occur* 
red to me at any other time. 

The silica separated weighed s 0*5143 

The oxide otiron „ d*d041 



9-4189 

The cliemical constituents of these examples, determined in 
the usual manner, are sliown in the following table, to which 
I have added the preceding analysis lur comparison : 



IngrcdieoU. 


! Gray 
: French 
Iron. 


White 
Weteh 
tron. 


Creuiot 

Iron. 


Iron (a). 


Iron lb). 


Iron (c). 


Speci- 
men (<(). 


Steel. 


Silicon ... 


'4-86430 


1 00867 


I 0090 


1-H60 


2006 


0'4S28 


2-9784 


0-5204 


Aluinimiiu 


1-00738 


0 08571 


00606 


0108 


0 098 


00134 


0-0876 


0-000 


Carbon ... 




4-30000 


1-9100 


5-800 


4-750 


2-7500 


4-269 


l-4*i800 




0-00000 


0-76371 


0-7205 


0-874 


0*565 


1*0360 


0-6386 


018310 


Sulphur... 


0 1 7740 






n-r.i:) 


0-800 


0-3800 


0-433 


1 00200 


Anenic ... 


0 00000 


uooooo 


00000 


4 0i0 


2-560 


40800 


3-840 


0-93400 


Antimony . 


000000 


vmio 


O'Ooao 


0-000 


0-000 


0000 


0000 


012100 


ChnmiA 


000000 


0-00000 


1*38200 


0-000 


0 000 


0-000 


0000 


0 00000 
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For 35 grains of those Irons. 



' (J ray 
IflgndlfflU, I Freoeh 
1 Imd. 


White 

Iran* 


CieusoC 
Inm. 


lawm f 
Ilwll \fif* 


iimi 






steel. 


Uckiduum 


















in adds. . 5*53 


6'770O 




10-890 


16*625 


9-45 


10-045 


1-995 


Increase of 
















weight 


















•Her ig- 


















nition .... 


0000 


0-9084 


2*697 


0*385 


1*880 


1-82 


0*800 


0<)59 


Flocculent 


(kltt.) 
















powder 
















after boil- 


















ing with 


















hydro- 


















chloric 


















acid 


1-762 


0-0270 


1G03 


2-310 


2 030 


0-485 


2-0-11 


0-381 






gray. 




gray. 


1 black, jblack. 


black. 


gray. 



Tabic inclusive of the increase of weight in the different 
states of ignition* 





Gray 
French 
Iroii. 


WbUe 

WeUh 

Iron. 


Creuiot 
Iran. 


Ca). 


(f). 




Statf . 


1st 


0 000 


01 73 


0000 


0064 


0-1454 


114 


OOjO 


2nd 


0000 


0-584 


0-150 


0209 


0-8000 


116 


0000 




0000 


0043 


0-846 


0096 


0-560 


0-80 


0000 


4ih 


0-000 


0000 


0-810 


0^16 


0218 


0-00 


0 000 


5th 


0000 


0000 


0-210 


0000 


0 000 


000 


0-000 




0 000 


0<»00 


0-162 


0*000 


OHMN) 


OKH> 


0*000 


7A*«***« 


0000 


n-Ofto 


0-1 \\ 


fvnoo 


0 000 


0-00 


0 000 




0000 


0*000 


0018 


0 000 


OHXH) 


000 


0000 




OHIOO 


0-000 


0 054 


0*000 


0000 


000 


OiH)0 




0*000 


0*000 


0-000 


0*000 


0-000 


0-00 


0-000 



If we treat powdered iron with a current of dry chlorine^ a 
quantihf of silicon is always retained by the remaining car- 
bon and azote ; and this is likewise a proof that a certain 
quantity of silicon is chemically combined with the carbon^ 
as no allcali has tiie power to extract it*. 



*** Id qiecimcns in which the silicon is combiued with the iron, tlic silicon 
if left after the solution of the iron in acidi» in the fonn of a white and 
somewhat gelatinous granulation, as wc saw in the i^ray iron from Vienne. 
On the contrary, where the carbon is combined with the silicon in not too 
large proportions, even a white heat is insufficient to burn this cui bon, as 
we had esamplct in the black tecond remainder! of the iron, [b), (c), and 
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iDgradient*. 


Ony 
FrcQch 
Iroo. 


Whtu 
Welah 


Iron 
ttotu 
CkomC 


In«(a). 




c. 


4. 


StaeL 


t^buii aud Azote 


3-412 
0*136 


5-3920 1 2086 
n-OOS 1 0-702 


6-5000 j 
0*48041 


5-2696 
0*4804 


4-02 
0*23 


3-5190 
0*4804 


1-/265 
0*2740 



Last miclumns after ignition and extraction by acids* 



Ctrbon, Hydrogen] 

and Oxygen 3-700 

SiiiCOQ 1 4-H12 



3-'27r) 
1-009 



(3-580) 4-7600 13-811 
1-000 ,1-8500 !2-006 
gray. I 



0-912 
0-473 



2-9751 
2-8671 



0-3230 
0-5191 



We here see the combination of carbon with silicon, the 
quantity of which is almost alwa3's constant. If we further 
consider the different relations of ihe numbers in the above 
tables, we find that the white irons (a) (h) fr) (d) are charac- 
terized very distinctly by tlie difierent pruportions of carbon 
and silicon. Specimen (r) was very difficult to treat in the 
refining fiirnace, as well as in the puddling oven, and was of a 
large roundish grain, silver white, and contracting very much 
during the process of cooiinff. Spedmen (d) was almost in- 
fusible in the refining as well as the puddling fires, and pro- 
ducing an iron red-short as well as cold-short, which would 
not weld under any circumstances. The quantities of sul- 
phur and arsenic cannot be the cause of these singuIaritiL^^, 
as both inpredients are found in a less proportion in (r) 
and (d) than in rhp specimens (a^ and (b). The silicon 
alone is predominant in tiic last specimen; but if we com- 
pare its quantity of silicon with that contained in tlie first 
analysed gray iron from Viennc, we find it there in twice as 
great a proportion. Nevertheless the iron ran as liquid as 
water. The real cause of the diffisrenee in quality or those 
two last specimens roust therefore be sought for in the diflerw 
ent proportions of carbon and silicon combined, and, in reality, 
the tables show us, that the quantities of silicon in relation to 
the carbon increase in proportion as the different specimens 
become less and less fusible. It therefore naturally follows, 
that the more carbon becomes com!>incd with silicon, the less 
carbon will be combined witli the iron, and consequently our 
residuums will sliow the property of becoming ignited by a 
low degree of heat, and, in luci, the residuum of the last 

• If we coni[>are the silicon left l)y clilorinc in the white Welsh Iron, 
we find ii ecjual to the actual deter mined (juantity of silicon. In a!! other 
s^jecimens the chlorine had earned away all or a great part of the silicon, 
VIZ. where it was combined with the iron, as in the cast iron from Vienne. 
But in thi:> specimen only almost the whole of the silicon seemed tO be 
combiaed wUA cotton, on which combioation chlorine never acu. 
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tpedneii lost after the first ienitton instead of gaining as ail 
the other specimens did, and the gain after the first ignitioa 
was extremely small in comparison with that of all tlie other 
specimens mentioned in the beginning. 

If we look back to the specimen of iron first analysed at 
the Maesteg iron-works, we shull find, that we came to the 
conclusion, tliat the second jxirt of this residuum, which 
during the first ignition neilltei gained nor lost weighty was 
combined as follows^ in three grains : 

Metallic carburet of iron • • 1*04*0728 

Metallic iron 1*12268 1 

Carbon 0*44.138J 

Silicon O'1595C0 

Carbon 0-270500 

In fact, this property of thus becoming Ignited depends 
entirely on the carburet of iron. The rei>iduuni irom acids 
loses this facility of being burnt or oxidised, as well as the 
cones^juiiding iron in the puddling and boiling furnace, 
and the difiicully of converting cast iron into malleable iron 
increases in the ratio of the diminution of the carburet of 
iron in the cast irons. 

The specimen (e) was made from gray cast iroo^ produced 
in the same furnace from the same ore. It melted in the 
puddling furnace into a very liquid state, and filled the o?en 
during its ebullition with innumerable brilliant sparksy emit* 
ting a hissing sound as if a great mass of white hot iron was 
burning and oxidizing. 1 made excellent soft malleable iron 
of it, but the bars had the peculiarity of not welding under 
any circumstances whatever, notwithstanding the iron was not 
in the slightest degree red-short. 

I kept a pile ol this iron, consisting oi six single broad 
puddled bars in a balling or reheating furnace for &ix hours, 
during which time the nimace had been several times re- 
charged with similar piles of other iron ; jet this pile showed 
not we slightest inclination to weld : the pile loolfed as dry as 
possible in the flameSf and seemed to become harder and 
drier every moment at a white heaty when all the otiier irons 
welded easily; and after being taken out of the furnace it was 
found to be covered with large blisters, exactly like those of 
blistered steel from the converting furnace. Its outside was 
siiver-white, showing very little traces of oxidation. The in- 
side of the broken bar was very similar in appearance to 
blistered steel, showing the cubical crystalline form and the 
large blister^ in llie inside, covered wiiii the usual colours of 
blue and yellow. It forged very weU, yet hardened but very 
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littk. By actual aoahsist a ooDsiderable qnaiiti^ of carbon 
was imtnd in ity as well as arsenic, but no ittne silicon. la 
the retort, treated with hjfdfocblorio acid as usual, the ef oln- 
tion of gas lasted upwaras of three weeks : the evolved gaa 

bad no smelly which proves that carbon, at least alone^ cannot 
be the cause of the bad smcU of this description of hydrogen. 
The residiniin of the solution was black, smoking very much 
during igauion, and leaving a small quantity of dirty red re- 
siduum, which was entirely aohible in hydrochloric acid, 
leaving only ;l few small black scales behind. The solution 
contained ii on, but no traces of silica. 

I must here mention a fact but little known, that all piles of 
inm which ara to be wehled in a reverberating-furaace^ nniat 
rest on a bottom which contains a large quantity of free silica. 
When the pile of iron is heated in such areverberating-fumaoe^ 
the silicon and the iron on the surface of the pile become 
oaddized» forming a Tcry tough half-melted slag^ which doea 
not at all prevent the access of air, and the iron woidd bum 
into cinders did not the silica of the bottom combine with the 
slag next to it, forming a liquid silicate and giving an equid 
quantity of silica to the uppermost bar of iron in the pile, un- 
til this liquid slag is spread over the whole pile and its inter- 
stices. Iron piles heated upon a sing bouom will not w^ld 
but burn, a circumstance ^\luch I fouutl always ovei lookctl. 

When iron is heated on a bottom composed ol siliceous 
matter, lor a long time and at the highest degree of heat, the 
silicon of the bottom is reduced by the carbon of the iron as 
well as of that of the flames^ and combining with the iron ren<- 
ders its texture loose, makes it finally melt^ and prodnoea that 
whidi is osoally termed tmnU iron*, 

The silicon is, in &c^ the cause of the welding property of 
the iron. Thus silica is sometimes the cause of nmlleable 
iron melting in our common fires. The general idea, that 
malleable iron can be melted even in Se&traem's or Knight's 
blast-furnace, is quite erroneous. An accurate analysis of the 
iron before and after fusion will soon convince us of the truth 
of this assertion, niid we find invariably that the iron during 
fusion had combined either with ciirbon, or with silicon, or 
with both. We have seen above, that iron, even though it 
contains a large quantity of carbon, sometimes developes a 
perfectly inodorous hydrogen, and an inotluious hydrogen is 
therefore no proof of chemically pure iron, 'l lie process of 
welding iron consists in heating the skeleton grains of iron, 
contained in the mass, in order to excite all their attractive 
forces, but at the same time to prevent their combining with 
any other body, especially carbon> in which case only tfana 
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skeleton grains will attract each other and become united. 
The attractive forces of these grains for carbon are deteloped 
onljf when they are at a white heat, and it is an error, which 
has remained even in the last edition of Turner's Chemistry, 
that iron will weld at a red heat. When the grains of iron 
at a white heat really come into contact with carbon, or when 
a sufficient quantity ot carbon has not been burnt away 
during llie process of puddling, the skeleton grains, instead 
of adhering to each other, come into a stale of fusion during 
the compressing force of the strdus of the hammer, assume 
a mstatliaed form, and moduce a sort of cold-short iron* 

dhemically-pure iron I could never make to weld. I pro- 
cored chemically-pure iron by reducing oxide of iron (from 
which all traces of silica were carefully sq)arated by means 
of repeated solutions and evaporations) in a current of hydro- 
geUy and inclosed it hermetically in a platinum tube pre- 
viously filled with dried hydrogen. Several of these tubes 
were exposed to different degrees of heat, from the dark red- 
heat to the white-heat, and hammered, in order to give con- 
sistency to the inclosed powder of iron ; but it never showed 
any signs of continuity or welding afterwards, and under the 
microscope itself appeared unaltered. 

We have just shown, that silicon principally imparts to the 
iron the property of welding ; but we see likewise in the last 
specimen of iron examined, that even a considerable quantity 
of carbon contained in the iron does not impart to it the pro- 
perty of hardening after being heated and cooled in water. 
Besides this last specimen of iron, I melted pure iron with S per 
cent, of charcoal prepared from sugar, in a clay crucible, and, 
watching the heat very carefully until it had become ()uite 
liquid, 1 poured it into a common ingot mould for cast steel. 
This iron when broken presented a large round granulation 
of a bluish-white colour, resembling the specimen c before 
mentioned; under the hammer it forged extremely soft and 
tough, like Taberg iron, but would not harden at all when 
dipped red-hot into water, notwithstanding it contained 8*5 
per cent, of carbon. But it contained scarcely any traces of 
silicon ; and I found by keeping the liquid mixtura for a 
longer time at a higher degree of heat, the silicon increased, 
and with it the pro|>erty of hardening. 

We have mentioned in a former paragraph, that iron when 
heated in a reverberating-furnace in contact with siliceous 
matter, imbibes a portion of silicon ; but the question now is, 
why the specimen f, before-mentioned, did not imbibe silicon 
from the bottom of the fin nace, but combined instead with 
the carbon of the ^decom posed flame ? The answer is ob- 
vious, lu the cast iron from which the specimen e was pre- 
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pftred, slUooO) iron, and arsenic were combined. Arsenic in 
combination with silicon has the property of rendering the lat- 
ter more easily oxidi/ed. so that the c^reater part of the silicon 
is consumed l)L'lore die arsenic, wliicli occasioned the extraor- 
dinary hissing noise, already mentioned, during the process 
of ebullition of the specimen e in the puddling furnace. 
The Iiialioable iron tlius prepared had entirely lost its sili- 
con, without wliich no peroxide of iron could be formed sui- 
fictently liquid to resist the reducing power of the flames. 
The proto3ude» wherever it was formed^ consisted of a dry 
powder» which was speedily redueed by the action of tha 
flame into its former metallic state, combining at the sane 
time with carbon, and gradually changiDir the whole mass 
into a carburet. When, on the contrary, the protoxide ooo* 
tains sufficient silica, a very liquid silicate of iron is gene- 
rated, which, not cjipjible of beinrr retiuced by the flames, 
spreads itsell over ilie entire siiriiice, and likewise prevents 
the action of the flnme upon tiie iron. The state in which 
the int)leculcs of malleable iron as well as cast steel exist, 
seems never to iiave been taken into consideration, and both 
malleable iron as well as malleable steel were considered to 
differ from cast iron and east steel only so far as regarded 
their chemical properties. Bat this is altogether an ewor* 
Malleable iron and malleable steel owe their properties to the 
mechanical force of the hammer; and as soon as they lose 
the peculiar arrangement of their molecules, produced by the 
hammer» thm properties are entirely changed*. The pr^ 
paration of malleable iron from cast iron shows this verj' di- 
stinctly. The iron is brought into a hail-melted state, in 
whicii state the larger crystals of the iron, called grains, lose 
their attractive power in respect to position; but the smaller 
crystalline compounds of the molecules of iron never lose 
their torm or slructure, but letain them dunng the whole 
process of puddling, and the slag rising only keeps the 
small crystals of the iron separate, and by enveloping them 
prevents their acting direimy one upon the other. The 
softened^ but not liquid, grains of the iron be^n now to aba> 
tract oxygen from the surrounding slag, which is immedi* 
ately replaced by the oxygen i>f the air\i and thus gene^ 

• That peculiar sort of steel from whirh in steel pen mnimtlictonc; the 
extremely fine chisels are made to cut the slit into the pen, is eatirdy pro- 
duced by lung coiiiinucd and jadiciously •applied hammering. 

t By putting a cap of sheet iron, rescnibiing the head of a still, into 
the boilino; iron, the tube of which extending through the door of the fur- 
nace dips into water or qjiicksilver — we soon perceive that air is ab- 
sorbed, and the water begins to rise in the tube. blowing an uninteiw 
^pted ciment of sir tnco tliU appsntiis^ the boUiqg » toon rs-sMsbliiMi 
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ratiug with the carbon of the iron, carbonic oxide gas, as well 
as carbotiic acitl ; and the evolution of these gases causes tlie 
well-known ebiiHUion of the whole mass. In this separated 
state ot the moiecLiles, it is very difficult for heat to be brought 
to act on them; uiui it is, in tact, well known to all workmen, 
liiaL beverul metals are the more diilicult to re-tnek the more 
minute their state of dMsioo. 

Each grain of the iroiit not being in a fluid ttate^ by losing 
the carbon^ silioon» &c.» is converted into the base of malle* 
able irony leaving behind only a skeleton of the grains of 
cast iron. All the crystalline planes are destroyed; and 
therefore, instead of the crystals adhering to each other with 
their planes of crystallization by a force easily to be over- 
come, an innumerable quantity ot points ot the skeleton of the 
crystals adhere togcilur in all directions of the adhesive 
force ; and as we litivr be l ore observed, that the skeleton 
grains are naturally nuL ui u liquid state, the spaces Ibi iueriy 
occupied by the carbon, silicon, and portioiis of iron, which 
have been consumed, are still vacant, consequently the iron 
in this state exerts a very great decomposing power upon 
all chemical bodies, as is the case with oxide of iron reduced 
at a low degree of heat by hydrogen. This fact likewise ex- 
plains the circumstance, which I have often observed, that by 
using bad coals, or whe!) the drniifibt of the furnace is not 
well regulated, the iron wiucli ilunug ilir first halt ot the 
process of puddling had lost all its sulphur by chemical 
means, exiiibited at the end of the process more sulphur than 
the cast iron actually contained bciore the puddling com- 
menced. 

The vacant spaces in the skeleton grains which constitute 
the lumps of iron made in the puddling furnaces* are imme- 
diately closed when brought under the forge hammer, and 

consequently the decomposing power ceases ; but where the 
malleable iron thus obtamed is again kept at a white heat for 
a considerable space of time, the closed pores in some mea- 
sure re-open, and their attractive force towards chemical 
agents be[:!ii.-> to n-nppcar, and thus, to mention one in- 
biance, the iron coaibuiLS in the cementinj/ furnace with car- 
bon, lorming cemented steel, without altering lliejuxla-positioii 
of the silicon and iron molecules in the cemented bar. Such 
a cemented bar^ when exposed to a proper degree of heat, 
will weld to another similar bar^ as the mechanical texture of 
the iron had not been altered. But it is different when the 
cemented steel, instead of being softened only, is reduced to a 
perfect liquid state by melting. In this case the iron and si- 

ttiid I tiled • nmilar apparatus, for ascertaining the nature of the etcspiiif 
gssei, after the boiling mm h$A been miied with dilfercot chemicsl sgsati. 
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licon combine more closely with the carbon which they im- 
bibe duriiig cementation. The cai buret of iiiicon j>artialiy 
separates mm the carburet of iron, and crystallizes during a 
slow process of evolving carbonic oxkle gas, particalar]y when 
no more than one definite carburet of iron is contained in the 
bar of steeK By these means the peculiar appearance by 
which the Damascus steel is distinguished is produced As 
Wootz, or Indian steel, is only a cast iron, and has therefore 
not 1o<?t nny portion of its silicon or .nliiminum, which a 
malleable iron bar always has to a greater or less extent lost, 
and which it never recovers during cementation, those cry- 
stals of silicon or aluminum are more developed in Indian 
steel, than in that made in the common way from malleable 
iron. As, therefore, iron during cementation is only capable 
of imbibing carbon, it is evident that the silicon and other 
electro-negative metals must be already contained in the iron 
in order to produce good steel, and for this reason certain 
descriptions of iron only are capable of producing good steel. 
Ail iron, and particularly English iron, has during the pro- 
cess of puddling lost fi much greater part of its silicon than of 
its carbon, and its grains are intermixed with an extremely 
thin layer of a supersilicate of iron, which during cementa- 
tion is only partially reduced, and leaves a difierent silicate 
between the grains of the bar, which makes the steel thus 
produced invariably red-shorL Iron prepared from pure ox- 
ide of iron in so-called German fires, or even by a difierent 
process in a puddling furnace, is at large intervals only inters 
woven with almost pure protoxide and peroxide of iron, 
which during cementation is entirely reduced. The carbonic 
oxide produced occasions those large blisters from which 

* As a proot tiiat a real se^mrtilioii takeb place in melted steel bciweeii 
the rarbitreti of nlicon and iron, I refer to an experiment made in Mr. 
Wilson's steel manufactory at Shefficltl, wlicn I ]ntlteil fviic;l! !i iron \M'th 
lamp blnrk nnrl cfmrcoul from sugar. The molten mixture was poured into 
an ingot mould u^ed for comnioa catit steel, one side of which was hotter 
tluni ttie othw. After cooling the metallic murallelepipedon, one half of 
its cross-fracture \vns observed to be crystallized, and the other granu" 
lated. When drawn out under the tilting hammer, a bar was obtained; 
one half of its short axis, corresponding to the crystallized side of the in- 
got, was perfect steel, and the other half the sofmt iron, just as if a steel 
bar had ficcn %velded to a soft iron bar. The soft part of the bar contiinfd 
a great quantity of carbon, but merely traces of hilicon, too small to be 
weighed. 

In another similar experiment, after the liquid steel had 1i«en poured into 
the in^^nt motiU!, a lump of metal the size of a hen's pf,'g remained nt the 
bottom ot the crucible. On perceiving this, I put the steel back into the 
crucible, and ro4nelted it at the strongest beat I could obtain ; and on 
again pouring it out, I found the lump, still remaining at the bottom of 
the crucible quite unaltered ; '^T^ grains of tl.is lump, dissolved in hydro* 
chloric acid, left only O lOti graiug of a grayish residuum. 
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cemented fleel lias obtained the name of UUslered eteelf and 

the oxygon of the part of this oas which is in contact with 
the sides of the blister occasions those fine tints of yellow and 
blue with which the inside of the blisters is generally covered. 

It is generally asserted that the outside of the cemented 
bar of steel contains more carbon than the inside, and that 
therefore ilie tub ion oi tliu cemented bar served to spread the 
carbon more equally throui^hout the mass. Tliis ii, contrary 
to facL Wher» the iroii bar which in tu be cemented is of a 
suitable thickness, the process of carbonization commences, 
like the process of the redaction of iron ores, almost simnl- 
taneoosly at the centre and at the outside of the bar; and I 
have often found that the inside of the cemented bar contained 
a greater quantity of carbon than the outside. The quantity 
or carbon imbibed by each portion of the bar depends en- 
tirely on the quantity of carbon first containetl in the differ- 
ent parts of the iron bar, ns well ns on the carburet of silicon 
contained in it; and this dillcrent degree of carbonization may 
even be detected by the eye, from the various forms ot cry- 
stallization contained in the bar. 

Tiii^, as well as other chemical phsenomena which have 
not received sufficiait attention, may be explained by the 
law which causes one atom of water in the voltaic circuit to 
evolve hydrogen and oxygen at the same moment at two di- 
stant points. 

In eonciosiont I annex an analysts of the best English cast 

steel, to controvert the modern assertion that the best cast- 
steel bars consist only of a pure compound of carbon and 
iron. The analysed specimen was a fragment of an excellent 
razor, forged in my presence, in the workshop of Mr. 
Hodgers, of Sbefilekl, ot tlie sj>ecilic gravity of 7*92, 

vSilicon. . . , 0-52043 

Aluminum . . 0*00000 

Manganese . . 1-92000 

Arsenic . . . 0'9S400 

Antimony. . . 0 12100 

Tm Traces* 

Phosphorus • • 0*00000 

Sulphur • • • 1*00200 

' Azote . . « • 0*18310 

Carbon . . • Mi'SOO 

Iron . . . • 93-79765 

Loss , . . • 0*09582 



100-00000 
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35 grains of this steel dissolved In hydro-chloric acid of 
sp. gr* 1*104, depoiiled on liw viik of fiio folortf man 
after Uw add began to aet «poo the imi| a dark ring of car- 
bonaoeooa matter twioe the diameter of the ipaoe oeoupied 
by the tted fiUngs at the bottom of the retort. Theunkleof 
this ring was ^adually filled up by the Uaek residuum, 
whilst at the same time it cdlected in rays around dbe flhiM 
at the bottom of tlie^retort, which filin||{B in tlMeame ratio 
disappeared) till the space formerly occupied by them wta 
filled up entirely by the black powder, jrradually increasing 
towards the centre, each ^rrain of this black powder retaining 
the form of the particle of steel filing from which it had its 
origin. The action of the acid and the evolution of gas had 
not ceased in three weeks. The residuum, of a dark brown 
greenish colour, was equal to \'995 grains. Heated in a pla- 
tinum crucible, a single bright spark appeared towards the 
centre, which immediately disappeared. Long after this the 
mass ignited witliin the cmdbM^ and iiad increaeed in we %h l 
m 0*969. After being treated by hydroehlorie acid, j0*8ei 
of silica remained) oontaminated with a little iron* The 
greatest quantitf of anenio wee Ibnnd to be contained in the 
add from the retort 

Arsenic, sulphur, silicon, and azote are oonstitaent parts 
of all the beet English steel which I have analysed, made 
from the Dannemora iron, called Hoop L. and double 
Bullet. Their relative proportions in all specimen*; are 
nearly the same. In some specimens of very hard steel 
I found the carbon increased to 1*69 per cent. It is 
scarcely necessary to add, that the arsenic, antimony, and tin 
were precipitated together by a current of sulphuretted liy- 
drogen, and sometimes by means of hydro-sulphuret of am- 
monia. The precipitate was divided into two equal parts; 
one part dissolved in aaua regia, the diluted solution mixed 
with tartaric add and tne quantity ctf sulphuric add ascer* 
tained in the nsual way. Toe other portion of the predp- 
tate obtained by sulphuretted hydrogen was heated carefnUy 
in a glass capsule in a current of dry hydrogra, till the arse- 
nic was driven off. The entimony end tin were of coarse 
left behind. I endeavoured to separate both thes^ as pro- 
posed by Gay Lussacp by dissolving the residuum in aqna re- 
gia, ana precipitating one half of the solution by means of 
metallic zinc; the other by metallic tin, which only separates 
the antimony. But to gain an exact result, a larger cpiantity 
of the material for analysis is necessary than can be conve- 
niently obtained by analysing iron. 

If a current of sulphuretted hydrogen is driven through an 
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aoid aolntion of peroxide of iron, with other metali and Bilica, 
the silica invariably fallt down with the sulphurets^ perhaps 
in the state of a sufphureti and reinahiitt& alter the treatment 
of the sulphurets with aqua regia, in sucn a stale as to be in*» 

soluble in all acids except hydrofluoric acid. 

Wc cannot enoutrh recommend the utmost care in exami- 
riiiin; the precipitate obtained by sulphuretted bydroircn from 
soluiions of iron, and all the contents of this precipitate ought 
to be always separated and tried to be procured in their iso- 
lated state. 

By trying to separate ^)hosphoric acid from iron, by means 
of afkalies, the phosphoric acid can only be separated entirely 
firnn the irpn when the mixture shall be kept in a perfeet 
white heat for some time* 

Smoe writing this ardole sefend months ago, some remarka 
have oocorred to me, which may serve to elncklate it. 

According lo the experiments in the previous p*per, we 
eonsidery that the toughness of the black and gray sorts of 
cast iron is owing to the siliciuret of iron, while their qualities 
of strength and fusibility are attributable to the carburet of 
aluminum, silicon and iron. T must here observe, that really 
gray cast iron, used for foundry purposes, never changes its 
appearance from gray into white without changing its chemi- 
cal composition ; while the white crystallized cast iron, pro- 
duced on the coulinent from spathoseiron ores, at a compara- 
tively low ilemce of heat, changes its nj^peaiunce from white 
into a])pareiiUy gray cast iron, ac'coidin*> to tiie degree ot sluw- 
ness with which it is cooled. But this ready conversion of 
white iran into gray iron ia only apparent, and the above* 
mentioned crystaUitod iron beai% m either of ita statesy the 
chemical character of white iron, in whiob a part of the silicon 
ii repiaoed fay manganese. When apparently convened into 
gray inm by slow ooolhig^ it has only changed the state of 
aggregation of its component molecules, and consequently its 
dsBsity ; or, in other words, the molecules of this sort ot iron 
have had time to arrange themsdves during its cooling into 
a more developed crystalline form. This crystalline form may 
be easily distinguished froni tlie regular foliated form of crystal- 
lieation of real gray cast iron, when viewed under the micro- 
scope, by the irreguhirity, sinallness, and tliickness of its ctmi- 
ponent leaves or scales, antl n stroke of the hammer will 
invariably restore to the part struck the originnl white silvery 
colour peculiar to it. The residuum of botli \ :iricties of this 
iron, after its treaiiueuL wiili iiydrochloric acid, liave ail die 
characters of the residuum of white iron ; they are brown, in- 
stead of white or gray, become ignited at a very low degree of 
heat, and tiever Servesce with canstie ammgiriai 
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The crystalline form of cast Iron generally depends on fte 
relative atomic combination of carbon with siiioon. The 
bardness and whiteness of the compound decreases with the 

increase of carbon, and has reached its utmost degree of 
friability in that sort of supercarburet of siiicoDf vhicb is called 

graphifc, or hv ilie iron-smelters, khJi. 

I procured a beautitul specimeti of this sort of graphite or 
kish a few weeks ago from one of the blast-furnaces at Mer- 
thyr-Tydvil. A rather porous piece of slag, of a yellowish 
green colour, like impure sulphur, was found to be inten\'oven 
with a graphitic formation, consisting of large irregular layers 
of different sizes, and of a dusty grayish graphitic hiie. These 
large layers or laminae were ftmnd to be composed of smaller 
rhombic scales* lying one over another* similar to the tiles 
of a rooC and givmg to the sorlace die appearance of a regu- 
lar rhombic network 

The composition of the large laminse was fimod to be 
dlflerent in tliflferent parts of their thickness. The scales of 
graphite on the oiitskle were soft, light, and so easily divisible 
as to soil the fingers. They increase in thickness and 
become more dark-coloured towards the middle, and the 
central layer had the apptarance and hai thicks- of black cast 
iron, mill its somewhat coiiclioidal fracture had a lustre be- 
twixt those of glass and pitch. The exterior and thinnest 
scales were not attracted by the magnet at all; but the interior 
ones were affected by the magnet mmost in the ratio of their 
increasing thickness. 

In hycu ochlorio acid, the central layer evolved hydrc^n 
rapidly* first a white, and afterwards a yellowish scum otSH 
Ilea were separated, and it showed in fiict all the properties 
of the blackest cast iron. 

The scales adjoining were strongly attracted by the magnet, 
and appeared under the microscope to be covered with small 
flattened crystals, forming an irregular six- ided prism, of 
whicli only four sides were devel!)j)til ; in a similar manner 
only two opposite isldes oi the rhombic taces ui each end of 

the crystal were left, corresponding to the smaller sides of 
thepnsm* 

Those small crystals seemed to constttnle a central points 
from the sides of which the small leaves of graphite forming 
the sorlace of the laminae appeared to radiate. 

I succeeded in separating one of tliose largest crystals, and 
in covering it under the microscope with a drop of concentrated 

* [In Phil. Mag. First Scries, vol. xl. p. 41, will be found an examina- 
tion, by Mr. (t^n^^■ Prof.) E. Davy, of a nadve graphite coiuiitered by bim 
ftroDgly to re^ombic isiik^Sint,] 
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hydrodiloric acid. The acid did not attack the cmtal until 
heat w«8 applied, and then cuickly formed around tlie crystal 
u framework of white tougn silica, apparently consisting of 
leaves or parallel threads, correspondnig to the sides of the 
nucleus, which after having been separated from tlio silica 
with a ^ne needle, was finally converted entirely into a spot 
of silica. 

By repeatedly Ircntini^ one of the large graphite layers or 
laminae with boiling hot hydrochloric acid and alkalies, it in- 
creased in blackness and brilliancy j the single leaves ap- 
peared thinner-, their mutual c onnection was loosened, and 
the magnet had uo further action on them. 

With the exception of hydrofluoric acid no single chemical 
liquid seemed to nave any action on those scales, and onlv the 
most concentrated hydrofluoric acid slowly attacked tnem, 
when in a state of most minute division. 

After several fruitless efibrts, I finally discovered a new 
method of decomposing them by means ciT acids, which gave 
rise to new and interesting phopnoniena. 

I poured about three fluid-drachms of concentrated sul- 
phuric acid over two grains of these purified graphite scales 
in a deep platinum crucible, and made the acid boil briskly 
over a spirit lamp. After this, I removed the crucible Irom 
the fire, till the dense fumes which arose began somewhat to 
cease. I then drew up about one fluid-drachm of strong 
fuming nitric acid into a long small glass tube, and (Iropj ud 
one half of the acid rather slowly, the other half (juickl) , iaLo 
the hot sulphuric acid, which caused the latter to boil again, 
during a rapid evolution of binoxide of nitrogen. As soon as 
tlte boiling beffan to cease, I placed the crucible again over 
the lamp, and boiled the liquid till all the nitric acid was 
decomposed. I found the scales of graphite so much swollen 
as to fill up the whole lower part of the crucible, so that the 
lic^uid was no longer visible. On nearer inspection, I per« 
ceived tliat every smgle leaf of those scales was converted into 
a spoi^ body, of the lustre of coke^ and of the same breadth 
and thickness, about the size of a pea. 

Washed with distilled water, and dried at 212^ Fahr., those 
spongy masses weighed 2*18 grains, and lost after ignition 
0*39 grains. No degree of heat to be obtained by a large 
spirit Inm}) caused any further alteration. Their appearance 
in thia state nearly resembled in lustre and texture pieces of 
hard coke and foliated charcoal; they were composed ui lour 
to five easily separable layers, which were again intcrsccied 
by beveral cracks or fissures vertical to them, similar ^ume- 
wbat to the structure of cbaned wood, and Uieir cd^c^ only 
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appeared of the peculiar metallic lustre of coke. Even the 
smallest pieces beinn; placed on a plrLtiiium foil resisted tor a 
long time all the efiects of Lhc llainc, but at length began to 
ignite and to be consumed quickly, always leaving a grayish 
or brownisii residuum, which consisted of bilica with a iittie 
iron. 

As I treated those spongy ignited masses again with snl« 
pburic and nitric acid| in 4he manner above mentioned I 
found their bulk considerably diminished; and after a repe* 
tition of the same operation for the fourth time, the last truce 
of graphite had disappeared, and the acid remained perfectly 
clear. Diluted and saturated with caustic ammonia» a whitSb 
light flocculent precipitate fell, and the whole liquid, evaporated 
to dryness, and i^qnited, left a brownish residuum consisting of 
silica with a little alumina and iron. 

The graphite obviously IkuI here been converted inio car- 
bonic acid by means of nitric acid; but it is a very curious 
fact, thai this conversion taiies place only under the above- 
mentioned circumstances. 

Concentrated nitric acid, dropped on the red-hot graphite, 
has not tlie slightest action on it| neither has sulphuric acid 
dropped into Doiling nitric acid* To obtain the expected 
resulUy the above precept must be followed strictly, and the 
crucible must be spacious, as with every drop of nitric acid 
falling into the sulphuric acid a slight explosion takes places 
which might occasion the loss of some of the liquid. 

A somewhat probable explanation of the singular action of 
both acids combined in this manner, seems to be, that the 
boiling sulphuric acid absorbs the water from the nitric acid, 
the oxygen of which is only able to combine with the carbon 
of the snpercarburet of silicon at the moment when the sul- 
phuric acid combine^ wilh liie water oi tiic nllrlc acid. If 
the residuum of gray cast iron dissolved in hydrochloric acid 
be treated in the same way, all graphite scales disappear, and 
only white silica remains. 
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Dec. St IVfO paper read. 
18S9. -1-^ Dec. 12 — " On the Nerves of the Gravid Utems.* 

By llobert T.oe, M.D., F.R.S. 

The author, while disi^fcting a gravid uterus ot" seven uiontiis; on 
the 8tJi ol" April, 1838, observed the truuk of a large nerve proceed- 
ing upwards from the cervU to the body of that organ along with 
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the right iitprinp vein, and sending off branches to the posterior sur- 
face of the uterus; tiuuie of which accompanied the vein, and others 
appeared to he inserted ioto the peritoneum. A broad band, iti- 
aembling a plexus of nervesy was seen extending across the posterior 
surface of the uterus, and covering the nerve about midway from 
the fundus to the cervix. On the left ^i(h-, a large plexus of nerves 
was seen, snrrotmding the uterine veins at the place where thcj' were 
about to enter the hypog;ii>trie vein. 1 roni tliis plexus three large 
trunks of nerves were seen accompanying the uterine vein, which 
inoreased in size as they ascended to the fundus uteri Fix)m the 
nerve situated on the posterior snrfhoe of the vein, numerous filap 
ments passed off towards the mesial Une> as on the right side ; some 
following the snuiller veins on the posterior surface of the uterus, 
and others becouiiog intimately adherent to tlic ])eritoneum. Tiu' 
largest of the nerves which aocompanii'd tlie uterine vein w a:> traced 
as high as the part whert^ the Fallopian tuUi enters the uterus ; and 
there it divided into numerous flhunents, which plunged deep into 
the muscular coat of the uterus along with the vein* A large fasci* 
culated band, like a plexus of nerves, was also seen on the left side 
under the peritoneum, crossing the body of the uterus ; and several 
branches, aj)parently nervous, proceeding from tiiis band, were 
distinctly continuous with some of the siualler bt*anches of nencs 
accompanying the uterine veins. The preparation of the parts was 
placed In the Museum of St. George's Hospital, on the 1st of Octo- 
ber, 1838; and several aualomlito who examined it were of opinion 
that they were ab.><orhonts accompanying the uterine veiusi and ten- 
dinous fibres spread across tlie posterior surface. 

Dr. Lee availed him&elf of another opportunity which presented 
itself, on the 18th of December of tlie same year, of examining a 
gravid uterus in the sixth month of pi-egnancy, which had the 
spermatic, hypogastrio and sacral nerves remaining connected with 
it ; and during the last ten months, he has been diligently occupied 
in tracing the nerves of this uterus. He believes that he has ascer- 
tained that the principal trunks of the hypogastric nervesacconipiuiy, 
not the arteries of tiie uterus, as all anatomistb have represented, 
but the veins; that these nerves become greatly enlarged during 
pregnancy ; and that their branches are actually incorporated, or 
coalesce with the branches of the four great fasciculated bands on 
the anterior and posterior surface of the uterus, bearing a striking 
resentblance to ganglionic plexuses of nerveji, and sending nume- 
rous branches to the muscular coat of the uterus. 

The author gives the following description of the nerves of the 
giavid uterus in the sixth month, and of these fasciculated hands as 
displayed in the dissection. 

Behind the uti rus, the aortic plexus divides into two portions, to 
form the riglit and left hypogastric ph-xuses. These plexuses, after 
an intimate union with the nerve^i accompanying the ureters, descend 
to the neck of the uterus, upper part of the vagina, and contiguous 
parts of the bladder and rectum, where they are joined by branches 
from the third and fourth sacral nerves. iThe left hypogastric plex- 
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us, a]»oiit two iriclics below the aortic plexus, sends ofi' n large 
branch, whidi passes on the inside oi' the ureter to the superior 
uterine vein, where it is about to terminate ui the hypogastric vein. 
Here the nerve suddenly expands, beoomes broad and thin, and 
passes into a great plexus of nerves, which conipic tt !y encircles the 
vein. This plcxu?, surrounding the uterine vein, is joined beloM l)y 
two larj^e branches, wliic-h proceed from the hypogastric ]jlexus 
nearer the vagina, and lower down, and from whicii branches pass 
on the outside of the ureter. From the upper part of this plexus, 
surrounding the uterine vein near its termination, three large tmnks 
of DOTves proceed upwards with the vein to the superior part of the 
Titerns, and enlarge as they ascend. The posterior hranrti of these 
hypoga^Jtric nerves sends off in its course smaller branches, which 
accompany the ramiticatiojis of the uterine vein on the posterior 
surface of the uterus. Passing upwards beyond the junction of the 
spermatic with the uterine vein, and running between the peritoneum 
and the left posterior fasciculated band, it spreads out into a web of 
thin broad brunches and slender nervous filaments, some of which 
are inserted into the peritoneum, and others follow the vein to the 
fundus uteri, which they completdy surround as the vein passes 
down into the muscular coat of the uterus. 

Some of the branches of this nerve^ near the fundus uteri, are 
distributed to the muscular coat, but these are small and few in 
number. 

The middle and anterior branches of the liypogastric nerves a<I- 
here closely to the uterine vein as tJiey ascend, and form around it 
several pl^uses, whieh completely invest the vessel. From these 
plexuses branches are sent off to the anterior sur&ce of the uterus^ 
some of which, in an arborescent form, follow the trunk and 
branches of the uterine artcrj'. These two hypogastric nerves 
ascend, and closely unite with the left posterior fascicjilated band. 

On the left side of the uterus this band arises near the mesial lino, 
on the back of the uterus, midway between the fbndus and cervix» 
from a mass of fibres, whieh adh^ so firmly both to the peritoneum 
and muscular coat that it is difHoult precisely to determine their ar- 
rangement. From these fibres the band proceeds ucross the uterus, 
in the form of a thin web, to the point w here the spermatic vein is 
leaving the uterus. After closely uniting witli the hypogastric 
nerves, this band proceeds outwards to the round ligament, becoming 
less firmly adherent to the peritoneum, where it unites with the left 
anterior band, and spreads out into a great web, under the perito- 
neum. The left posterior band is loosely attached, through its whole 
course, to the subjacent muscular coat by soft cellular membrane. 

The spermatic nerves on the left side pass down to the ovarium 
with the spermatic artery, and first give off several branches to the 
corpus fimbriatum. A few small branches are then sent into the 
outer end of the ovary. The spermatic nerves afterwards leave the 
artery, and proceed with the veins to tiie u1cru«, wli^rc they firmly 
unite to the outer extremity of the left posterior bund ; and after 
the juuctiuu of this baud with the prolongatioud of tiie anterior 
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band u&der tlie ffmtnd liganeiit, Bumerom tmtXif ddkate ffliwiMil^ 

appan'Titlv iHT^'f^n-*, fir*' ^fuf to tho base of thp ovarium. 

On tiic right side ot the uUnus, tlio author fiiuls thnr (H!?trihn-. 
Uoii oi' the hypogastric and tipcnuatic* uerves doeb not os>euUalIy 
dU^r ftiomtlHitiio«rdateriMiBflteD<mtlielefta^ The formand 
■itDslioa of the right posterior band is» Iw itatei^ Bmek more 
seen than on tfao left nde» and presents the appearance of a white 
pearly fa*«eiculatpd mcmbfane about a quarter of nn inch in breadth, 
proceeding from the mesial line at right angles to the hypricmnric 
Dcrvt's, acroiss the body of the uterus, to the round ligament, wiiere 
it onttaf with the anterior band. Naneroiia branches, strikingly 
membliag tte bmohee of nervefl, an wot off ftn the opper ead 
lower edges of tbis budy and Arom its posterior surface to the oraa* 
cular coat of the titeru*. An extensive and intiniate union at various 
points h distinctly pert . [ tible between these branches sent off from 
the baud and the braneiies of the hypogastric nerves. Ou the an- 
terior and upper part of the neck of the uterus, there is a great mass 
of reddisk-oolovred flbrei» firmly brteriaeed together, rwcm bling a 
gaaglioD of lierfet, into ivhich oumerous large branches of the hy- 
pogastric nerves on both sidi's enter, and to which they firmly ad- 
here. From the upper part of this fibrous substance there passes up, 
over the whole anterior surface of the uterus, a thin band of firm 
white fasciculated fibres, prolongations of which extend to the 
nmiid ligamentSr-4iito whieb^ and into the posterior band, they aft 
eontinn^ 1^ smmerous filaments, like thoee of nertes. From the 
posterior surface of this great band, numerous branches, also appa- 
rently nervous, can be tnced to a oowi de imble dqith through the 
luuHcuiar coat of the uterus. 

The author concludes his paper with the following remark, and a 
ehort hbtorical aoooont of the progrem of diMmvery on tin iolgeot 
of the nerves of the uteme: — 

'*Frofa the form, colour and general appearance of the^ fascieolated 
bands, and the resemblance th« y bear to ganglionic ph'>:nses of nervet» 
and from their branches actually coaleii>eing with the iiypogastric and 
sperniaiie nerves, I was induced to conclude, on hrst discovering 
them, that they were Denrooa |ileiaBei» and eowtitttfeed the epedii 
aemms mtem of the uterus. The reeent examinatioa, however, of 
the gravid uterus of some of the lower animdb, in which I have found 
a stnictiire similar to those bands in large quanti!\- nudcr the peri- 
toneum, hns loft me in considerable doubt as to the nature of these 
iMutds, and until inrther investigations have bet n made, 1 ^iiaU not 
▼eatnie to pnnoiinoe a positive opinion respecting then." 

The deeertption of the nerves of the uteros eootuned in Professor 
Tiedemann's splendid work, the author adds, is usually referred to by 
anatomical writers as the most nfeuratc and complete whicli ha.-? 
ever been given. Professor Tic4leiiuutn }ir?^ rf pn^^f-nted the sponna- 
tic nerve:* as being distribute! 1 ciiieHy to tlie uvarium ; and the hj'po- 
gastric as invariably aooompanying the trunk and branehes of tlie 
uterine arteries, along the sides of the ntemsy — dividing into smaller 
branehes^ and quiok^ disqipcaring in the mvaoubv coat of the nte> 
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ruB. He has made no mention of the large nen^ous tninlui on both 

sidas of the uterus, which accompany t!ie uterine veins; nor has he 
ijoticctl rascicuhUcd transverse i)aTHis ou the anterior and posterior 
surikces of the uteruii, cuuuectcd w itii the hypogai^tiic autl ^peruiatic 

"^c^ObMmtaoBi made at theCiqBe of Good Hop^ iatiie yw 1888* 

Krith Bradley s Zenith Sector, for the verification of the aMplitedb 

of the Abbe de la CaiUc's Are of the Meridian ; by order of the 
Lords Comniis.sioners of the Admiralty." By Thomas Maeh^ar, 
Esq., M. A., I .KJls., &c. Commuiucated by Sir John Barrow, Bart, 

Tha antkor fnm an «Mouiit of the prmntiiini takMi in pnttine 
tog^er the di&rait parts of the lenith aeokor, wiiiek 1m taa«vad 

on th(^ 9th of Daeember, 1837> in erecting it in tha oealill roQW of 

the Royal Observatory at the Cape of Good Hope, and in aftervrards 
transferring it to the ^outiieru station of La Caille, in Cape Town. 
He then proceeds to describe La Caille'^i observatory, and the par- 
ticular circumBtancea of its locality, with relation to the ol^ect in 
▼iaw, aaiMly to datennina tha infiuaBaa of TaUa Mountain on tha 
direation of tha pkuab-line*. He next relates his profian lo Klyp 
Fonta3m, whcfehe arrived on the 21th of IVfareh, 1838, and descrilMi 
the operations -^ortrd to for erecting the sector at that place. 
He then enters ini i t!n details of observations made at ditferent «ta« 
tiuns, and e^ipeeialiy vviiii comparative observations at the suuumt 
and foot of the mountain of Pequet Berg. The inftrumant was 
laatlj eonvayad baek to Capa Town* and again amminadi and thaoln- 
iarvntiona made witli it repeaM* Tha reduction of the observations 
occupies the remainder of the paper ; and in conclusion, the author 
remarks, that although these labours have rjot altogether cleared up 
the auomaly of La Caille's are, yet they sliow that great credit is 
due to that distinguished astronomer, who with imperieet means, 
and at the period in which ha li^ady amyad at a reudt, darifod 
from liKtaan ataia, almoft idantiail with thai fioaa 11S9 ohMrvatiaw 
on forty stars, made with a adabiatad and powerful inttmnient. 

Dec. 19, 1889. — A paper was road, entitled, " An account of expe* 
riments with the view of a.scertaining the pn .-^ibility of obtain- 

ing a ^]>aT k bt'tbre the circuit of the Voltaic Battery ia completed." 
By J. i\ Gtussiot, Esq. 

Tha author of this paper advarti to tha faet, of a qpark invariably 
apfwating whan tha airauit of tha Voltiie Battefv ia ooi^plaled; an 
aifeefc which Dr. Faitday baa ahown aan be eanly produced, men 
with a siiigh- serie?. He then refers to th(^ experiments of Mr, 
ChildreTi, Sir Huni])liry Davy, and Professor Uaniell, recorded in 
the Pliili -ti|j]ueal Transactions; in wliich exporiiiipnts, whon more 
powerful and extended series were used, the bpaik was obtained be- 

fore eontaot took placo* 

In Older to aaaarlain, not only tha ftot of a i|Mfh being oblainedi 
but also the distaoee through which it may be passed, the author 
had an inatrament propairady wMoh ha danominatea a Micnmtkr 

[• See L. and B. VtuL Mag., vol. Mf„ p^ 5S».-«'Eniy.] 
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the VoUaic btfort tM mrmi is completed. dAi 

Shttmn tt m^ and If wluili aa approcMfale tptm of am flv»4iMi»» 
HUmUIi of an inoh oould fa« measured vkh gf«it MOUioy. He dc- 

8cril>es this instrument ; and ri'lutes several experiments %vhich he 
made with a view to toj^t the correetness of its action. lie first 
prepared 160, and then ii20 series of tlie constant battery, in Jiiilt- 
piiit porcelaai celk, eaailed witli aolutiouc» of uulphate of coppt;r aud 
niiiviile of Mdai bvt Mnmh tbo «lfeet% after the oootMst bad 
been completed, were exceediDgly brlUianti not the slightest spark 
oaald be obtained* He was equally unsuecearfal with a witor lial- 
tery of 150 serie?, caeh series being placed in a quart gla^s vessel ; 
and also with a water battery b( longing to Professor Danieil, eon- 
sitting of lO'iO series ; but wlieii a Ley den battery of nine jars was 
introduced into the oirouit of the latter, soarlcii pat»t»ed to tiie exteut^ 
in ont iaataiioe, of ilz fito-tlioiiaaiidtlia or aa inoh. 

The author mentions his having been p ro iao i at the ftipfrimant 
of Professor Danieil, on the 16tb of February, 1689b when uut gen- 
tleman had TO series of his large eonstaiit battery in action ; and 
having been witness of the powerful ettect^j obtained by this appa- 
ratus, he was induced to prepare 100 series of j)reeiscly the scune 
dinemioiis, and aimUarly excited : but although this powerful appa- 
ralM waa used under every advaotage, and the other effiMto pro- 
duced were in every respeet in accordance with the extent of the 
elements employed, still no spark could be obtained until the circuit 
was eoin|Ot'ted ; even a sinnlf fold of a silk handkereliief, or a piece 
of dry tissuu paper, was sutheient to iusulate the power of a battery, 
which, alter the circuit had been once completed, fused ti<iUiiun\i 
and kaated 16 feet 4 inches of No. 20 platinum whre. 

The antbor then doieribea a aeriea of experimants made with in- 
duced enrrenli. Twelve hundred and twenty iron wires, each ioai^ 
lated by resin, were bent into the form of a horse-shoe. A primary 
wire of 115 feet and h sficondary <'f *22'>H feet, were wound round 
the iron wires. this arranix ui he obtained a direct spark 

(through the secomlury current), sutiicieut to pierce paper, to chaige 
a Leyden jar, &c. Several fonni of i^[^>antiM employed by the 
anthor are aost deeeribed, and aJbo a oariaa of 104XX) of Zanbonfa 
piles. With this arrangement he charged a Leyden battery to a 
considerable degree of intensity, and obtained direct sparks of three- 
fidtieths of m\ hivh in length. He ultimately sneewded in obtaining 
cheiTiical deeouipositions of a solution of iodid(! of potassium, 
the iodiue appearing at the end composed of the black oxide of 
Bianganete. 

Ina Sooifity than adlounwd over the Chriirtniaa Yacalaont to 
meet a^n on the 9th of Januavy, 1840. 

Jan. 9, 1840. — A paper was read, entitled, On the construction 

and use of SirJi^Hr Achromatic Eye-Pieces, and their superiority to 
the double eye-piece of Huygbena." By the Eev. J. B. Keade, 
M.A., F.U.S. 

The author observes, that experienoe has shown it to be impracti- 
eabla to make a teleaoope even approaoh to aebromatiam, by employ- 
ing the flame object^UM with an astronomical* as with a terreitcud 
aya^picoe: for if tha foena of the blue laya from the ot^jaet'^aaa be 
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thrown forwards, as it must bo in onliT to make it impin^o ni)on 
the iucus of tiic biuc rays of the terrestrial eye-glas8» then there wiil 
be prodttoed a great imt^eomdkn for the astronemical eye-glass ; 
and nke vena. Hence it appears that the application of Huyghen* 
ian cyc-picccs to refracting telescopes, is incompatible with the 
con'iif ions of achromatism, tliron<jhont tlie entire range of magni- 
fying power; and that in reilecting tilo'icopc.s they unavoidably in- 
troduce dispersion, because they are not in tlicmselvcs achromatic 
These defects the author proposes wholly to obviate, by substituting 
for the Huyghenian eye-pieces, single achromatie lenses of corre- 
sponding magnifying ]>ow(>r; consisting of thewell-knowa oombina^ 
tion of the crown-l< ir^. nn«l its correcting flint Ims, having \\\o\v ad- 
jacent surfaces ceraenteci together; thus avoiding internal rctiections, 
and enabling them to act as a single lens. The achromatic eye<pieces 
whicli he uses were made by Messrs. Tulley and Ross, and are of 
the description usually termed ritigU cemented triplet, 

A paper was also read, entitled, " M«'teorological Observations 
made between October, 1837, and April, 1839, at Alten in Fin- 
marken." By Mr. S. H. Tliomas, chief minincr aL'ent at the Alten 
Copper \^'orks. Presented to the Uoyal Society by Jolin R. Crowe, 
Esq., Her Brttaooie Majesty's Consul at Finmarfcen. Communicated 
by Miyor Edward Sabine, R.A., V.P.R^ 

Thu memoir consists of tables of daily observations of tlie baro- 
meter and thermometer, taken at 9 a. Nr., '2 p.m., and 9 p.m., with re- 
marks on the state of the weather, at Kaaf jord, in latitude 69° 58' 3 ' 
north, and longitude 23° 43' 10" east of Paris. 

Jan. 16*— A paper was read, entitled, ** On Nobili*8 Plate of Co- 
lours ; in a Letter from J* P. Gassiot, Esq., addressed to J. W. 
Lubbock, EscK, V.P, and Treasurer Communicated by J« 

W. Ivn!)bf>ek, Esq. 

The erteet j>roduced by the lute Signor Nobili, of inducing 
colours on a steel plate, excited the curiosity of the author, and led 
him to the invention of the following method of producing similar 
effects. Two of Professor Daniell's large constant cells were exci* 
ted with the usual solutions of sulphate of copper and sulphuric acid. 
A highlv-]><>H-=ht'd steel j)late was placed in a porre1?\in soup-plate, 
and a liltrn d solution of acetate of lead poured upon it. A piece 
of card-bourd, out ut w iiich the required figures had been previously 
cut with a sharp knife^ was then placed upon the steel-plate. Over 
the card, and resting on it, there was fixed a ring of wood, a quarter 
of an indh tliick, and the inner circumference of which was of the 
same pize as the figure. A convex copper-plate was made so that 
its outer cdjie niitiht rest on the inner part of the wooden ring ; and 
its centre placed near; but not in actual contact with the card-board. 
Connexion was then made by the positive electrode of the battery 
with the steel-pkte ; the ne^^ive being placed in the centre of the 
copper convex plate. The figure was generally obtained in from 
15 to ^efonds. If a concave, instead of a convex plate be used, 
the same cok)urs are obtained as in the former experiment, but in 
an inverse order. 

** Geographical position of the principal points of the Triangular 
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tioat of the Califomiat and of the Mexican coasts of the Pacific* 
with the heights of the principal points of that part of the Cordille- 
IBS." By tlie Conitp Vincent Piccolfimnn ; in a letter addressrd to 
Sir John F. W. Herschei, ikurt^ V.F.K.b. Communicated by Sir 

Johu Herschel. 

Hauteurs des priiicipaitx points des CordillereSy des cStcs de rOeSoti 
J^acifigm du Mcxir^ue, et de la haute et basse Calif ornu\ 

Kh v.nion en picdi 

fv;\ii r :ii> > 11 r li ■ ii i. 

veau lie la ia4.*r 
paciflquc. 

Tuoo 5971 

5760 
5447 
5398 
5030 

EI oro 8995 Cuicatlan ....•..».«•...... 5026 

5024 
4587 

4542 



1 1 MMi^ais (ill 



r 1. 



c nU 
mcr 



Yolcuio di Ox'mv n 

Volemo dl Po)>ocatei»ed.* 17812 

Volcano di TEtbdhitttl.*, 1 5G98 

Rio Mo 10948 

Real del Monte 10570 



Tlmlpuhahua 8435 

Ameia........................ 8847 

Naupalucaa ............... 8194 

Las Vigas 7918 

Pcrote 7911 

Otonba (Etat de Pnebla) 7874 

Tqjcyahualoo 7702 

Ozumba (.Eui dc Mexico) 71j2U 

S.IUMa M.... 7565 

Lacrtmas dc Clialco 7510 

Mexico 7450 

Tepeaea 7444 



Huehtietaca 



7121 



Guernavaia 
Tchuacan 

Cuicatlan ..•.••••••«•••«••• 

Oiyaca 

Cnaada 

Talapa 



Acayncan 4485 

Coscomatepec 4451 

HuatQSCO .«•.•.•.•»....... 4424 

Talostoc 

Laiuq)ec 

Orizaba (viUe) 

Real tie Christo 

Huaitla 

Cordova .,.•»••«.••..•. 



Pucbla V 7078 

Tak 6013 

Tlacntepec (5170 

Zacualpan 6181 

Pimtion geograpMque des principnnx points de la Trianffulatioji des 
Calif oni it s et dex cotes de I' Ocean Paci/ique duMexique j)ar le 
Comte Vinvvni Piccolomini. 
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4 121 

1019 

:}'.)'.♦ s 

?,'^:a 

6:VMi 

>•...... 2769 

Dominguillo ............... 2274 

Villale 1578 

Petapa 617 

Tchuantcpcc (Oe^Pad^ 

fique.) 132 



Latitude. 



Volcanos de laa Virgencs •■•.••*•. 

Cap S. Lucas (Basse Califomie)... i 

Monterrey (Haute CaHfbmie)...... 

riinyi^ias ( Drpartemcnt de Sonoia) 

Matamorosjf Texas) * 

Id. Id. Bbri giande da 8. Tayo 

Id. III. Banra del Rio ........................... 

Bejar (Texas) 

Mine d'or de S. Yago dc los Cab&llcros 

Vulcans de Tuxtla 

NamampateptI (Province d« Vera Cni7> 

Baliia de San Francesco (au cap los Ileyex dans 

la Haute Califomie) 

Port de San Bias, to-ir fie TrgUse (Guadalajara) 
Vulcanos de Coliiua 



o 

29 
23 
136 
27 
25 
26 
25 
29 
25 
18 
19 

37 
'21 
19 



. / 

UI 



// 

14 35 



08 
58 

55 
59 



35-27 
17-85 
00-48 
22*07 
30 27-15 
53 03-11 
88-93 
77-04 
25-91 
48-71 



74 
13 
17 
21 



59 



17-20 



Longltade cal- 
culfode Green, 
wich. 



121 46 
109 82 
121 46 
111 45 
97 54 



98 85 
106 C7 
94 07 



122 37 
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30-82 
15-04 
53-09 
37-42 
18-76 

«••••• 

•«»••• 

17-74 
15-87 
43*11 



13-04 

17-28 
4 7 04 
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un ChronomSire de O. H. Bestor; pour la mesare d«i triangles da 
prdmifr ordrp jn mn sorvis d'lin th6odolite de dix pouces dc dianiOtrp 
sortant tics ateliei-s do Munich, pour\'ii de q^lattv vi^rniers ot don- 
nant 10". Let» elevatioiiH du sol furent detertuin^es par des obser- 
Tations baromStriques fiutes avec soin, souveiit r^peteet et dMtiies 
par le nioyen d'obscrvations correspondonU ; elles furent calcal^ea 
d aprda la iii6lhode d*01tiiuuiiiB et T6rifie6s par oeUes du Baron S^mIi. 
— V.P. 

" Report on the cft-opcrution of tho Ru&t$ian an<i (Tornian ob- 
servens in a system of simultaneous Magnetical Observations." By 
the Rev. H. Lloyd, FJl.&» in a letter addraned to Sir Jbbn 
F. W. HendieU Bart., V.P.R.S. Commanieated by Sir John Her- 

schel. 

" On Magnetical Obsorvationg in Germanj-, Nonray, and Russia.'* 
By Major Sabine, R.A., V.P.H.S., in a h-tter to Baron voa Huin- 
boUlt, For. Mem. ItS., dated Oct. 24.th, lb39. 

These letters relate to coromunicationi whioh F lf ofow or Lloyd 
and Miyor Sabine have had, oonfomiabljr to a resolution of toe 
Council of the Royal Society, with the scientific authorities at Got- 
tingen, Berlin, and St. PctorshnrL', n ^pcrtiprr the organization of a 
simultaneous i^ystrni f)f nmgiit tii ul observations. It appears, from 
these letters, that the systeni j)ropo8ed by the Royal Society is 
viewed with general interest and ap})robation ; and nineteen stations 
are enumerated at wliich there is reason to expect that magnetical 
observatories, acting in concert, on that <*ystem, will be established. 

Jan. 2^?. — A jmpor was read, entitled " On the structnre of Nor- 
mal ami Adventitious Bone." By Alfred Smee, Esq., communi- 
cated by P. M. Hoget, M.D. Sec. K.S. 

On examining, by means of a microsoope, my thin seotioua of 
bone« prepared in a peculiar manner, the author observed a number 
of small, irregularly-shaped, oblong corpuscles, arranged in cirrular 
layers round the canals of Havers, and also rows of similar bodies 
distributed around both the external and the internal margins of the 
b(me. Each corpuscle is connected by numerous hhuncnts, passing 
in all directions, with the Haversian canals and the mar^s of the 
bone, and also with the adjacent corpuscles. He finds Oat l]ie ca- 
nals of Havers are vascular tubes containing blood. The corpusdea 
themselvcsi arc hollow, nnd their cavitic? ocrasionnllv rotnmunicatc 
with those of the canalss ; their length is equal to about two or three 
diameters of the globules of the blood, 'iliey exist in cartilaginous 
as wen as osseous structures, and are found in every tnstanM of ad* 
ventitiotts bone, such as callus alter fracture^ morbid ossiiie growths 
either from Ixme or from other tissues; and the author has also as- 
certiilned tlu ir prcfsenec in the bony and cartilaginous structnrrH of 
inferior animal?*, sucli as birds and fi-<bcs. Measurement" relating 
to these corpuscles, by Mr. Bowerbank, are subjoined, from which 
it appears that their diameters vary from about tile 10,000th to tiie 
4000th, and their lengths from the 2300th (o tiie 1400th part of an 
inch. 

" An attcm]>t to establish a new and i^rneral Notation, np]i]icable 

to the docthne of Life Contingencies." By l^^t/ss tiardy, Esq., ^ .H*b, 
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Mr. T. W. Jones on Single Vision with two E^es* 59i 



AlbBT premismg a thort acoount of the kbouis of pteceding wri* 
ten, wit& reference to a fyttem of notation in the mathematical 

consideration of life contingencies, thf author enters at leni^th into 
an exposition of the system of -\ irI)o1s which he has himself 
viscd, together witii the applications which they admit of in a variety 
of cases. 

Jan. 30. — paper was read» entitled " Obsmatiotti on Single 
Vision with two Eyes." By T. Wharton Jones, Esq. Communi- 
cated hy Richard Owen, Esq., F.U.S. 

Tlie author nnimadvcrts on tlic doctrine -whicli Mr. Wheatstone, 
in his paper on the Physiology of Binocuhir vision, published in the 
Philosophical Transactions for 1838, p. 371*, has advanced, in opjM)- 
sition to the teceivedtheoiy of single vinon being dependent on the 
images of objects fdling on eorresponding points of the two fetime. 
He maintuns that, under these circumstances, the two impressions 
arc not perceived by tlie mind at tlie same instant of time, but some- 
times the one and sometimes the other. If one impression be much 
stronger than the other, the former predominates over, or even ex- 
cludes the other ; but still the appearance resulting from the predo- 
minating image is nevertheless in some manner Influenced by that 
which is not perceived. He supposes that there are compartments 
of the two retinm, having certain limits, of which any one ))oint or 
pn])iUn nf the one corresponds with any one point of the other, so 
that mipressions on them are not perceived separately ; and consi- 
ders tiiat tliis hypothesis, combined with the principle above stated, 
is required, in order to explmn the phenomraa in question. 

Feb. 6.-'-A paper was read, entitled Observations on the Blood- 
corpuides of certain spreies of the Genus Cervus." By George 
Guilivrr, Esq., F.K.5., Assistant Surgeon to the Royal Regiment of 

Horse Gunrd^f . 

The author has found that the blo»)»l of the Muntjacf. the Por- 
cine and the Mexican DeerU, contains, together with corpuscles 
of the ordhiary circulftr form, a still laiger number of particles of 
less T^ular shape; some curved and gibbous in the middle, and 

acutely pointed at the ends, with a concave and convex margin, like 
a crescent ; others approaching more nearly to segments of a circle ; 
sonu- shaped like a comma, being obtuse at one end and terminated 
by a pointed curve at the other ; others having an acute projection of 
the convex part, so as to constitute a triangular, or even quadrangular 
outline ; some having the figure of the head of a lance ; while a lW 
presented a double or sigmoid flexure^ as if they had f^con twisted 
half round nt tlie middh-. T.ike the ordinnrv Mood-dises, these pe- 
culiar e()r])usel('s an- (tej)riv('(l of their colouring matter bv water; 
but with only a small (juautity of water they quickly swell out, and 
assume an oval or circular figure, forming long bead-like strings by 

♦ [Noticed in L. and E. Phil. Mag., vol. xiii., p. 4C1.J 
t [Papers bv Mr. Gulliver, on the blood-corpuscles of various animals* 
will be found in the present volume, p. 23, 105, and 195. — Edit.] 
X Cenmt RmetU, $ C, JPorctmu, )| C\ ifsartoaas*. 
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the approximation of their edges. In saline solutions they become 
rather smaller, but preserve tlieir figure tolerably well. 

In an appendix, the auth or gives an account of his observations of 
the blood-corpuscles oi' a new species of Deer mhabiting the mount- 
ains of Persia, of which a specimen has been lately received by 
the Zoological Society. Many of these coipiudes presented the 
singular forms above described. 

A ])appr was also read, entitled " Mctoorolo^'K il Register kept at 
Port Arthur, Van Dit^rnotiH Land, during tlic year 183b." By De- 
puty-Assistant Comiui^sary-General Leiupriere, in south latitude 
43"" 9' 6', and east longitude 147'' 51' 33*. Communicated by 
Captain Beaufort, R.N^ F.II.S. 

The height of the instrument above tiie level of the sea till the 
21st of August was 57 feet, 7 inches ; and during the remainder of 
the year ti feet. 

A paper was also in part read, entitled " Experimental Researches 
in Electricity, I6th Series.** By Michael I araday, Esq., D.C.L., 
F.R.Sn &c. 

Feb. 13* — The reading of a paper, entitled " Experimental Re- 
searches in Electricity, 16th Series." By Michael Faraday, K<f]., 
D.C.L., F.R.S., &c., was resumed and concluded. On tlie som i ( 
of power In the Voltaic pile. An abstra(!t of this paper has already 
appeared in our Number for April, p. 329 of the present volume. 

Feb. 20.^A paper was nad, entitled " On the Wet Summer of 
1839." By Luke Howard, Esq. F.R.S. &c. 

The observations of the author were made fit Ackworth, in York- 
shire ; and the following arc Ins results with regard to the mean 
temperature and the depth of rain, in each month, during 1839. 



Mean Temp. Rain. Mean Tempi. Rain, 

o ininehei. • o lalndMS. 

July 59-30 . 5 1 3 

Aug. 58 09 2-94 

Sept. 54*49 3*43 

Oct. 48-39 3-40 

Nov. 43-14 4-5 1 

Dee. 37*29 I'S^ 



Jan. 3704 1 13 

Feh. 39*64 2 14 

Ma>«h39K»8 3*21 

April 44-09 0*58 

May 49-94 0*38 

June 5e-35 4*89 



Mean temperature of the year 47*24'^. 
Total depth of rain in 1839, 33-62 inches. 

He states that the climatic mean temperature of the place is 
about 47°, and the mean annual depth of rain about 2C inches. 
The excess of nun during tiie year 1839 was therefore very great. 

The author describes the effect of the hurricane of the 7th of 
January, and follows the changes of the weather dkuing the re- 
mainder of the year. 

A paper was also in part read, entitled " On the chemical Action 
of the llays of the Solar Spectrum on preparations of Silver and 
other substances, both metallic and non-metallic, and on some jihoto- 
giaphic processes." By Sir John P. W. Herschel, Bart y.P.R.S. &c. 

INDEX. 
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parative Physiology, 70; Curtis's Bri- 
tish £ntoniolo|^, 144; Davies's Solu- 
tions of Ao Principal Questioiis Of Dr. 
Hutton's Course of Mathematics, 524. 

Boulder formation of Norfolk, on th^345. 

Broraido of Salicyls^ 916. 

Bromine, hydrocarburct of, 236. 

Brooke (H. J.) on Haydcnite and Cou- 
scfmnite, 175; on crystallised natife 
oialate of lime, 449. 

Buddie (John) on depresaiona produced 
in the inrfhce of tiie ground by exca- 
vating beds of cnal, 146. 

Calddeugb (Mr.) on earthquakes being 
Mt at sea, 145. « 

Califomias, geographical position of th 
principal points of the triangulation o 
the, and of the Mexican coasts of the Pa 
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cific,597 ; heights of the principal points 
of that part of the Cordilleras, 597. 
Cambridge Philosophical Society, 16| 67, 

22iL 

Carbon, employment of, in voltaic com- 
binntions, 35 ; on the combinations of 
with silicon and iron, 44^ '/in, t'26. 

Carburetted hydrogen of acetates, action 
of chlorine on the, '2\]5, 

Cells, phyhlulogy uf, a contribution to the, 
52iL 

Cervus, on the blood corpuscles of certain 

species of the genus, 599. 
Champagne, analyses of iron from. 522, 
ChcMiiicuI rays, on the permeability of 

various bodies to the, 138. 
Chemical tlieory of galvanism, iSi^ 
Chetnicnl types, on the law of substitu- 
tions and the theory of, 322. 442. 
Chemi co-mechanical botlery, on a new, 
ULS. 

Chemistry, on the theory of substitutions 
in, L 

Chess board, on the moving the knight 

over every square of, alternately, 498. 
Chlorate of potash, manufacture of, 23Za 
Chloric anher of M. Malaguti, & 
Chlorinated sulphuric a^th«r of M. Mala> 

guti, composition of, 7> 
Chloride of ivalicyle, 215^. 
Chlorine, action of, on salictn, 219 ; ac- 
tion of, on the carburetted hydrogen of 
acetates, 2^ 
Chloroacctic acid, composition of, 4, 
Chromatc of lead, on the reduction of, 
£32- 

Circuits, galvanic, 485, 594. 

Clarke (Rev. W. B.) on aslies which fell 
on board the Roxburgh, off the Cape de 
Verd Islands, Feb. 18S9, 144. 

Coal, bt'ds of, on dcprc&!iion» produced in 
the surface of the ground by excavating, 

Coathupe (C. T.) on certain modifications 
of the powers of heat and light when 

transmitted through glass, 467. 
Cobalt ores, Norwegian, ou two, from tlie 

Skutteruder mine, 4&2^ 
Coblentz, analysis of iron from, 52^ 
Coexistence, on derivation of, 31, 
Comets, the orbits of, on the determina- 
tion of, 7Sj on Uie discovery of a. 

Conductors, lightning, on the effects pro- 
duced by interposing different substances 
bctvecn the, 257 ; on the protection 
afforded by continuous, 

Contact theory of galv.uiiim, 485. 

Coo|>er (J. T.) on the cuiployment of car- 
bon in voltaic combinations, 35. 

Copcmican theory in England, on the 
reception of the, 461. 



Copper, on the precipitation of, by voltaic 

electricity, 302. 
Cordtlleras, heights of the principal points 

of the, 597. 
Cornwall and Devon, geology of, 5S> 
Conrcranite and Ilaydenite. on, 175. 
Crag, Norwich, age of the, 322.; shells 

found in the, 372 ; age of the freshwater 

deposit, 373 ; age and origin of the 

drift, 023. 

Cromer and Sherringham, cliffs between, 

3fi^ 

Cuba, gall gathered in, by W. S. Mac- 
leay, Esq. on the leaf of a plant belong- 
ing to the order Ochnnccif, 76. 

Currents, induced, of the 3rd, 4th, and 5th 
orders, on the production and properties 
of, 2fiQ. 

Cyanide of mercury, on a new compound 
of ferrocyanide of potassium with, 128. 

Cyanil, L5iL 

Daguerreotype, on portraits in, 535. 

De la Caille' s arc of the meridian, 594. 

Devon and Cornwall, geology of, 52, 

Derivative of the 1st degree, rule for find- 
ing the prime, 135 ; for finding the 
prime derivative of any degree, 135. 

Diabetic blood and urine, 23S. 

Discharge, voltaic disruptive, on some 
pha^nomcna of the, 478. 

Draper (Prof.), experiments made in the 
south of Virginia, on the light of the 
sun, &1 ; on the electromotive power of 
heat, 45^; on portraits in Daguerreotype, 
535. 

Dumas (M.), M. Berzelius on the theory 

of substitutions of, L ; examination of 
the properties of chloroacetic acid, 3; on 
the theory of substitutions, 152 ; on ace- 
tic and chloroacetic acids, 1 52 ; on the 
law of substitutions, and the theory 
of chemical types, 322, 112; on roeclui- 
nical types, .'>0|. 

Eastern Norfolk, disturbed position of the 
strata of, 376 ; by ordinary subterranean 
movement, 377 ; by landslips and slides, 
378 ; by pressure of drift ite, 312. 

Eifel limestone, fossils common to the, and 
the carboniferous limestone, 399. 

Electrical discharge, on the, 41Ha 

Electricity : — on Uie direction and mode 
of propagation of the electric force tra- 
versing interposed media, Lfi5 ; on elec- 
tricity and magnetism, 200. 254. 551 ; 
on th« precipitation of copper by vol- 
taic electricity, 302; Prof. Faraday's 
researches in, 322. liiiii ; Mr. W. S. Harris, 
on the electrical discharge, 404. 

Electricity and magnetism, contributions 
to, 200t 254t SiK 

Electric condition of iron, on an anoma- 
lous, 142. 
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Electric force traversing Interposed media, 
on ibe direction and propagation of tb«. 
185. 

Electrodynamic induction, 200, 551. 

Electromotive forces, diiferences of the 
on the contact of two metals with two 
floidi» 495. 

Electromotive powt-r of Itenf, on the, 451. 

Electrotypes, on the jproducUou of, 530. 

Elementary bodies, oo th* galvanic pro- 
perties of the, 42i?. 

Eliminating {*}, a rule for absolcitel/, 133. 

Elimination and derivadoo by a proccn 
of mm; inspection, 132. 

Emhryology, Or. Barry's researchct in, 
596. 

Knck>.^'s CoTr.i-t, on tlie VUisUon «f tht 
«p(i4«rent diameter of, 150. 

Engbnd, Copemtcan theory in, on tbe re- 
ception of tbe, 461. 

EouiUions, oombiitation of tbe given, 40; 
leading tlicotem, 40; infarencct ftoni 
tbe, 40 ; of eOi«aiiienc0f statemciii of 

the, 40. 

Kudialyte, on the form of. 477. 
Esostnose, mechanical, with reference to 

determining tbe m^giutudc of materiid 

particles, 10. 
E)e^, on single vision with two, 599. 
Faraday's ( Prof.) experimental researches 

in electricity, I6tb series, 329; I7tb 

•ericM, Sa6. 
Fermentation, on the suppoMMl formation 

of inorganic elemenu* during, 251. 
Ferrittf^a Covc^ fowtU discovered at, 167. 
Ferrocyanide of potas:>iuni, on a new com- 

pouudof, with cyanide of mercury, 128. 
Fil Ims, coloured, produced by electfO-cho- 

roical agency and by heat, 52. 
Fluids, on galvanic cixcuiu compoeed of 

two, 485. 

Fluorilie* Mt. Knox's resenrcheu on, 1 92 ; 
on n compound of, with selenium 194. 

Forbes (J. D. ), letter to llicbard Taylor, 
Ks(]. un two papers in tlie L. H E. Fbil. 
Mag. for Jan. 1840. 102; on an appa- 
rent inversion of per.<>pecuve in viewing 
olyects with a telescope, 506. 

French cast irons, description oft prepareil 
near Aiais, 571. 

Frcifawaler deposits, on the, compoting the 
mudcliffH of K Nornilk, :l-15. 

OBlle(M.) on the discovery of a comet by, 
151. 

Galvanic circuits compoijed of two fluids, 
and of two roetaU, not in cootaci, 485. 

Galvanic series formed of sine and inac^ 
tive 11 on, 1 15. 

Galvanism, chemical and contact theories 
of, 485. 

Gas, pond, M. Fersox on, 339. 

Caahioc (J. i?.} on obtaining the voltaic 



spark before the circuit is completed, 
594; letter to Mr. Lubboclton Nobiii'a 
plate of colours, 596. 

Gay I.us<;ac ( M.),«nal7NB of Iburtorli of 
iron by, 5'J'J. 

Geology :~K>n the geology of Devon and 
Cornwall, 59; on tlie older stratified 
rocks near Killnrney :vm] Dublin, 163 ; 
fossils discovered at I trriiers Cove, 
167; on the bouldei funnation and 
freshwater deposits of £. Norfolk, 345 ; 
Paludina minutOf 354 ; fish, 354 ; in> 
•acta, S54; m«nmslia, 355; plants, 355 ; 
protuberances of chalk ne^r Trimming- 
faami 355 ; freshwater strata of Runloo, 
969; ihcllaatS63i cragal^96S; cUfTa 
between Cromer and Sherringham, 
365; cragUMT Weybournc, 370; shells 
obtidncd from the, 370; mud difli of 
E. Norfolk, :17I ; Norwich crag, :J7'2; 
shells found in, 372; fossils in the 
clay state tract of tbe Ardennes, 389 ; 
fossils common to the Eifel limestone, 
399; on two ores from tbe Skut* 
teruder mine, 482. 

Geological Socte^, proccedingsoflbi^ 148. 

Gcrninny, Norway and Russia, on ina|^ 
nelic observations in, 598. 

Glass, on modifications of the powers of 
heataad light, when tranioiittedthrought 
467. 

Gravid uterus, on the nerves of the, 590, 
Griffith (R, ) on the order of succession of 

tbe older stratified rocks near Kiiiarney 

and Dublin, 163. 
Grove, (W. R. ) on voltaic reaction, ; 

on some pb«nomena of tbe voltaic di&. 

mptlve oiscbarge, 478. 
Gulliver (G.) on the blood corj i si !rs or 

red disks of tbe mammiferous ammala» 

S9, 105, 195; on the blood corpuscles 

of certain specict of the genus C^rvo% 

599. 

Gutch (J. W. G.)on meteorological phe- 
nomena observed at Swansea, 87. 

Hail, on a remarkable fall of, 8'. 

Hailiwell (J. O.) on the trcatiM; of Boe- 
tiuad^ Geam^ria on numerical oontrae-' 
tions, 51 ; on the lioetian contractions, 
with reference to the explanation given 
by M. Chwlcs, 136 ; note on the Boe- 
tian contractions, 221 ; on tlie historj 
of the inductive sciences, 461. 

Hardy (Peter) on a new and general no- 
tation, applica! ill u.< the doctrinc of life 
contingencies, 598. 

Harris (W. S.) on lightning conductors, 
and effects of, li^^htnuig on certain ships 
of tbe Briti&h Navy ; being a further ex. 
amination of Mr. Sturgeon's memoir on 
marine lightning conductors, 1 16» 404; 
on the ehxtrical discharge, 404. 

S2 
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Hawkins (Th.) on |^v«mc Mriit Ibmed 

of line and inactive iron, 115. 
Uaydcnite, 155 ; and Couxenuiite, on, 
175. 

Heat and light, on modifirntions of the 
powers of, when Uaocmitted through 
ghas, 467. 

Heat of vapours, and on astronomical re- 
fractions, 4:H ; general expresuons, 438. 

H«at| on ibtt dMiromodf • powar oft 451 • 

H«ndonoa(X.) on tbt panllM of Siiiii% 
148. * 

Hanrv CProf.), oontribadons to electricity 
and magnetism: No. TIT. on electro^ 
dynamic induction, 200, 254, 551 ; 
production of induced currents of the 
different ordan ftom Ofdinaij doeUU 
city, 551. 

Herschcl (Sir J. W. F. ), letter to, from M. 
ValatOn till variation of the apparent 
diameter of Encke's comet, 150 ; on ob- 
taining an increased quantity of light 
Auii a oofDinoo Argand oil lainp, 194 ; 
on the solar spectrum and photometry, 
SS9 ; on the chemical action of the ray* 
of tfie solar spectraiBf 331. 

Howard I.uke) on die wet nunmer of 

1839, 600. 

Htimaii body, on amnfc contained natu- 

rally in the, 341. 

Hunt (R.) on the permeability of various 
bodies to the cbemieel rays 1 33 ; results 
arrived at, HI ; on light which has 
permeated coloured media, and on the 
chemical action of the solar spectrum, 

•267. 

Hyacinth, H.M* Siipb cfTect of lightning 

on, 405. 

Hydrocorburet of bromine, 2.36. 
Hydrochloric addi ascendency of water 

over, 537. 

Hydrogen of acetates, eaiburetted, action 

of chlorine on thi?. i'^iS. 

Indiot on the temp^^rature of the sea and 
air, dining a voyage to^ 176. 

Induction, on electro-dynamic, 200 ; of 
a current on itself, conditions which 
influence the, 908 ; of secondary cur> 
rents at a distance, on the, 254. 

Inductive sciences, on the history of the, 
461. 

Inorganic elements duritig frrmcntatioo^ 
on the supposed formation of, 251. 

Iodide of potassium, on a pseudomor- 
phous variety of, 221. 

Ireland, on the minend structure of tlM 
south of, 27^;, 388. 

Iron, cast, steel, and malleable iron, on the 
different specie*; of, 44, 297 ; linr ntid 
inactive, on galvanic scries rornie<i of, 
115; decomposition of the neutral sul- 
phate of the peroiide of, by boiling itt 



solution, 130; anomalotis electric coo* 
ditionof, 142; precipitation of, by sine, 
235; natural products which originate 
froon the ectioii of tbe etmowihete on 
iron pyrites^ 965; enalysie of raiir aorts 
of, 583. 

Iseie, do r, analysis of iron fton, 599; 
Ivory (J.) on the theory of tenstlVOoni* 

cai refractions, 89. 
JcAeys (Julius) on meduinical eiosBMise 

with reference to determining thonag^ 
nitude of material particles, lOu 

Jones (T. Wharton) on single vision with 
two eyes, 599. . 

Kane (Dr. H.) on a new compound of 
ferrocyanide of potassium, with cyanide 
of mercury, 12S ; on a pseudoQiorphous 
¥ariety of the iodide of potassium, 2SS ; 
on tl^ compounds derived from the 
steeroplsn of oil of peppermint, 4 IS. 

Killarney and Dublin, on th<^ ori\cv of 
succession of the older strautied rocks 
near, 169. 

Knight's move at cfaess, cm the pvoblcni of 

the, 306. 4 98. 
Knox (O. J.) on the directfon and mode 

of propn;x'i^ion of (he (■Icrtrtc forvc tra- 
versing interposed media, 165; re- 
eeerehes on foorine, 199. 

Krcil {M.\ letter from, to M. Kupfler, on 
niMoetic observation at JMilan, 241. 

KupBer (M.), letter to^ from H. Kreil, 
on magnetic observations at Milan, 941. 

La Caille's arc of the meridian, 594. 

Lead, chromate of, on the reduction of, 
532. 

Lee (Dr.) on the neifes of tbe gcavid 

uterus, 590. 
Lempridra (M.), meteorologicd feeler 

kept at Port Arthur, 600. 
Letter barometer, 79. 
Lidge and Namur, species of eonil found 

in the carboniferous limestone of, 390. 
Life contingencies, on a new and general 

notatioB, appticeble to die doetnne ol^ 

598. 

Li^t of the sun, experiments made in tbe 
sooth of Virginia on tbe^ 81. 

Liglit: — undulrtlory hypothesis of, experi- 
ment proposed by M. Aiago, as a test 
of the aceurscy of the, 157, 181; ab- 
sorption uf, 181; on ohtaiuing an in- 
creased quantity of, from a comm<m 
Argand oil lamp, 194 ; on into'ferencea 
as an eijterimemium erueii aa to Ao na- 
ture of ;iPn. 

Lightning conduciori, 116; cffl'Cts of 
lightning on certain ships in }|. M. 
Navy, 117, 404; on the Aihol. 406; 
on the Snake, 407 ; on the !»pire of a 
chur<;h at Kiogabridlgi^ 408 ; on the 
Boiiard btigiuiluif,408s on tiie Fos ic^ 
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411 : on H. M. SwB«igK409; Mtfae 
Hawk cutter, 41 1. _ ^ 

I4tnCi iiBtiw onlftts lift on cryiffllHicd} 

449. 

Linnwan Society, proceedings of the« 76 i 
AnnivemTT niceUn^ of fhe^ 7fiL 

Lubbock (J. W.) on the heat of vapours 
and on astronomical refnctioiUy 434, 
510, 562} on the presnm of tlMNaf 
510 ; Mr. Gassiot to^ OO Nolliirt phM 
of colours, 596. 

Ljell (C) on the boulder Ibnmtioiit and 
ftetliwaler d^OMta of JEmotd Norfo&, 
345. 

Madear (T.)i obscrradomi made for the 
verification of the amplitude of the 
Abb« d» la Cailla'a Ar« of the mnidiao, 

594. 

Magnesia, native sulphate of, 2S6. 
Magnetic observations at Milan, on, 241 ; 

in Germany, Norway, and Russia, on, 

598. 

Mngnptism and clectridtj^ contribntiom 

to, ii'OO, 254, 5ol. 
Malaguti (M.) chlorinated sulphuric stlMT 

of, 7 ; s'j![jhurcttccl rethcrof, 8 ; chloro- 
suipiiuretted aether of, 8 \ chlorinated 
acetic ether of, 8 ; chlorinated formic 
Xtherof, 8; dtlorinnu-fi cam])horic irthcr 
of, 9; chloriii.ii.eil Benzoic a-ther of, 9; 
chlorinated cenanthic cether, 9. 
JflamniTLiou, animals, on the h!ood cor- 
puscles or red disks of the, 25, 105, 
195. 

Mairchand (K. F.) on th« rtduC^O of 

chromate of lead, 532. 
Marine lightning conduelon, eiamination 

of Mr. Sturgetrn's mt-Tnoirs on, ! 16. 
Martin (P. J.) on a remarkable fall of hail, 

and on the probaUa natum of mch 

phanomcna, 85. 
Media, on light which has permeated co< 

loufcdf S67. 
Mercury, cyanide of, on A new compound 

of ferrocyanide of potassium with, 128. 
MctalUc taliddes, «1S. 
Metallic salt?:, nrtion of nlt)urn(>n on, 154. 
Metals, on the galvanic properties of, 315 s 

on efrviHt* of two, not in eontact. 485. 
M<-ic<>rnlogicaI observations, for Novem. 

ber iU39, 79 \ for December, 1839^ 159} 

for Jan. 1840, 239 ; for Feb. 54S ; Ibr 

March, 447; for April, 535, 
Meteorological observations made at Al- 

ten, in Rnniarken, 598. 
Meteorological phsnomenn o|— rid at 

Swansea, on certain, 87. 
Meteorological Register kept at Port Ar- 
thur, 6CX^. 

Meteorologpcal Table, for November, 
1839,80 ; for December, 160 ; for Jan. 



1840^ MOj for Fell. 944; for March, 

448; for April, 5Sf;. 
Miller (Krof.j on the form of £udialjrtc» 
477. 

. Mineralogy: — haydenite, 155, 175 ; beau, 
montite, 156; coiueranite, 175; two 
ninenUt Hrem the Skulteitider ndne^ 

483. 

Mineral structure of the south of Ireland, 

on the, 276, 988. 
Mud cliffs of E. Norfolk, on the drift and 

associated freshwater deposits compo* 

■{ng the, 345 ; age of die depositB COM- 

posing the, 371 . 
Muodeslej, Hdudina min%Ua from the 

freiliwatar bada at, 354 ; insects found 

at, 354; fish, 954} mMiimU^ 855| 

plants, 355. 
Mustard, oil of, efsential, 153. 
Myronic add, 159» 
Myronin, 153. 

Nerves of the gravid uterus, on the, 590. 
Nobili's plate of colours, on, 596. 
Norfolk, eastern, on the fresh water imgth 

sits of, 345. 
Norway, Russia and Gvmmaft on m a ga^ 

tic observations in, 598. 
Norwegian cobalt ores, on two, i'rom the 
Skimeradar mine, 482. 

OchnacCfT. on a j: il! i^'athcrctl in Ctiba, on 
the leal oi a plant btlungmg to llie or- 
der, 76. 

Oil of mustard, I 5f? ; of |io]iperniint, 418. 

Optica, physical, ou photometry in con- 
nexion with, I6L 

Orfila (M.*) on Rr«enic contained natundlj 
in the human body, 341. 

Oxalate of linc^ vmAf, on eryHallincI, 

-MO. 

Oxichioridcs, combinations of, with other 

bodies, 6 ; with compound radicals, 7* 
Oxidized pyrites, on the products of, 965* 
Paiallax of Sirius, on the, 148. 
Feloiiae (M.), letter to, from M. Hmw iSm, 

on the theory of substittttloiM in diiw 

mistry of M. Dumas, 1. 
Peppermint, oil of, compounds derived 

from the stearoptcn of, 418 1 tnn^ib 

of, by Mr. Walter, 419. 
V^mnuiationi, positive, 134; negative, 

134; positive effectual, 194; negative 

effoctual, 134. 
Fivonde of in», deeompositloa ef tbe 

neutral sulphite of tbc^ hf hoSSia^ in 

solution, 130. 
Fmsox (M.) on pond gai, 999. 
Pers|>ective, on an apparent inversion of, 

in viewing objects with a telescope, 506. 
FbmMMBaka, meteorological, obesored at 

Swansea, 87 ; on some, of ibe vollaie 

disruptive discharge, 478. 
Photographic papers, on, 267. 
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Fhocogn^y^OAtbt aolar tpt€tnm wmA, 

239. 

Photometry in connexion with physical 
optio, 16. 

Physiology of cells* a cootributkm to thi^ 

526, 

Piccolomini (Comte Vincent) letter to Sir 

J, R W. TltTschel, Ht. , on the geof^ra- 
pbicai po&iUuQ of the Califortiiab and of 

llie Mcxiean coMts of the Bwdllc, 

Cost 

Hrie (R.) on the OMnUnations of sali- 
cyle^ 9ia 

PUmiii gcminalloii aad ih» gnnnii nf, 
871. 

Pl^hde% m catalogue of twent y l e i ^H 

&tars of the, 15<). 

PoggendorfT (Prof.) on galvanic circuits 
compowd of two fliiid% aod of two me- 
tals not in contact, 485. 

Polychromatic acid, 154. 

Port Arthur, meteor ologieal regiiter kept 
at, 60a 

Postage, new system of, 78. 

Potash, chlorate of, manufacture of, 237. 

PolOMiam, ferrocyanide of, on a new 
compound of, with cyaniric of mercury, 
128 ; action of the air on saiicide of, 
917; iodide of, on a peaudomorpliouB 
variety of, 'J'' -'. 

Putter (R.) on i'hotometry in conoL-xion 
with physical optics, IS; letter from, to 
Mr. U. T.iylor, S'JO ; on interferences, 
as an experimentum crucu as to the na> 
turo of light, 380. 

Pratt (J. H.) on tlio temperature of the 
t»ca and air, and other piuenomena, du- 
ring a voyage to India, 176 ; table of 
results OD tht tempcniture of the aea, 
177. 

Prohlem of the knight's move at chess, on 
the, 306, 498. 

Pseudoniorplioitt varie^r of iodide of po- 
tassium, 

j^rriles, on the products of oxidixed, 265 ; 
natural prf>f1;n^'i<; which orif^inate from 
the action of iiicuUno ph«re on iron. 2G5. 

fiodicala, atmplo olectro-podtive* 4 ; sim- 
ple cliTtro-nrgative, 4; compound, 5; 
oo oKtchioridcs with compound, 7. 

Roys, cfaomical, oo the penwability of 
rious bodies to the, 138. 

Keadt! (Hev. J. B.) oa single achromatic 
eye pieces, and their superiority to the 
ilnuMe eye piece of Huyghens, .'0". 

Refractions, astroaonical, theory of 89, 
4SC 

Roberts ( Marty n J.) on an anomalous 
electric condition of iron, 142; results 
arrived at, by battery of copper and 
zinc, 143. 

Koeks near KUlamcy and Dublin, on tkie 



order of lypcMiion of the older mnd- 

fied, 163. 

Roget (Dr.) on the problem of the 
knight's move at chess, 306, 498. 

Roxburgh, on ashes which fsil on boaid 
the, 144. 

Royal Astronomical Sociolj, prooeediagi 

of the, ?'-', 144. 
Royal Institution, meetings at the, 338, 
447. 

Royal Irish Aoadany, piocaodlnge of ifac^ 

224. 

Royal Society, prooeedinge of ihe^ 98% 

526, 590. 

Ruoton, freshwater strata of, 362 j sbeUs 

disoovered at, S63 ; ( rv>g ut, 365. 
Ru!»<>ia, Norway an ! G<^ rinany,00 nagll^ 

tic observations in, 598. 
Sibino (Major) on magnede ohiCtvalions 

in li«miaoy> Norw^, and Rm i i ^ 

598. 

Salicic add, 214. 

Salicide of pottssiiun, action of the air on. 

217. 
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I. On iJie Iodide of a ?icto Caibo-ht/drogeiu By James 

F. W. Johnston, F.U.S.* 

IF coal gas be made to pass slowly and for a leiic^tb of time 
over pure iodine, the latter substance moistens, and is 
partly clianpfed into a dark-bruwii liquid, which efTervesces 
with alkaline carbonates, showing the presence of liydi ioiiic 
acid. After some hours, colourless prismatic crystals shoot 
out from the iodine, and clothe the interior of the vessel, and 
ttilinwtely the whole is changed into a mUtore of diiiferent 
compounds forming an oUve-coloured substanoei partly 
coating thickly the sides of the vessel, and partly eonstitu- 
titi[^' unctuous mass, with the dark fluid at the bottom. 

Tiie liquid contains free iodine and liydriodic acid. When 
washed out from the solid portion by alcohol and neutralized 
by caustic potash, the solution gives a yellow precipitate, con- 
sisting of a mixture of Faraday's iodide of carbo-hydrogeu 
(H^j C, I;t and oficniicic of foruiyle (iodoform IT C, l^). 

The solid proihicL bLiiii:^ uxj^osed to the air lusts its unctu- 
osity. If broken and cxauiined by the microscope it is 
seen to consist of a congeries of colourless prisms (H^ I) 
mixed with another substance, which is amorphous, and of a 
dark green almost black colour. Alcohol separates the for* 
mer, or if the mixture be exposed to the air they volatilize^ 
leAvtng the dark green substance nearly pure. 

The production of the hydriodic acid and of the iodides of 
ibrmyie and of carbo-hydroffen is easily understood. Coal 
gas contains probably more than two equiatomic compounds 
of carbon and hydrogen ; at least two^ C and the 

• Commiiiiiqaeii bjr the Author. 

[t Mr. Faraday's account of this Mtbitanee will be Ibimd in PhiL Mag. 
Flwt Scries, vol, Jix. p. 353. Edit.] 
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light carburetted and ol^ant gases^ are present The 
latter would furnish the three compounds obtaiiicd in this 
ei^>eriment) as shown by the foUowing ftranila : 

2 (C^H,) + 51 = HI + C, HJ + CaH I3 

that is to say, one atoin dC olefiant gas decomposes to form 
h^drlodic acid and iunn^'ie, wliiie uiioiher unites with iodine^ 
durectly. Still this does not repres^t the action ^mmA^ 
Hveli/i sinoe the proportion of the H. I is much greater in 
actml experimenty and appears also to be wiable. 

Sach 18 the action in dose vessels provided only with a 
^mall aperture to allow the cnrrent of ns to pass out very 
slowly ; but since these three compounds are all volatile, it is 
easy to understand how only the solid dark green fixed sub- 
stance should be obtained when the iodine is placed in an 
open vessel and a cnrrent of coal g:is is made to stream upon 
it. In this way it wui. first obtained by Mr. Kemp of Edin- 
burgh, to whom the discovery of this substance is due, and 
who several years ago presented me with a specimen prepared 
by exposing iodine for smnl ^ys to the action oT an mien 
Jet of coal gas. I am not aware how fiur Mr* Kemp has smoe 
studied the action in dose Te^els. 

I, This substance is of a dark olive gresn colour, is with- 
out taste, emits a slight odour of naphtfaSy is brittle and has 
a density of about 0*95. It is insoluble in water, and in boil- 
ing alconol or eether. Treated with hot nitric acid it becomes 
yellow and dissolves. With nuulatic acid cliher in the form 
of gas or of liquid acid, it undergoes nu clKvn;_^e. Sulj^luuic 
acid aided by heat decomposes it. It blackens iuul t^ivcs oif 
iodine vapoui and sulphurous acid, leaving undissolved a very 
bulky charcoal. Dry chlorine slowly changes its colour to a 
dark brown. If previonsly moistened with alcohol it becomea 

* During tixc combination of chlorfos with olciiaiit gus a jKtrtioii of 
muriatic aotd is formed, a het inconsistent with fhe idea of a mtett mtkm 

of tlio tv.o substance'' to form IV, C; CI : may not nn equivalent proportion 
oi the volatile chloroturm be produced, ns in the above formula, substt* 
toting CI for I ? Felix d'Arcet {Am, de Chim. tt dc PJi^s., Ixvi. p. 10S.},has 
stated, that durii^ tbb action of chlorine on olefiant gas, a second oily 
Kouid is formed, represented by C, CI lo which he gives the luune 
or ckioretheralf but which Berselius witii great probability I think, consi* 
den to be a compound of the chloride with the oxide oteUwic (C3 U.. CI 
+ H, O). This eiplaaation of the produetioa of mitriatic acid, how- 
ever, implies that the l'hs<s employed are always more or less moist. Re- 
gnault accounts for the presence of the acid by representing the oilv com- 
pound by the nrtJonal formuhi (Cj H, CI + H CI) part of wbicli is decora- 
poied duriog the procew, aad (I CI evolved. But Lowig and Wiedman 
nave shown that Cf Hj (acctyle) docs not preexi'^t in the oil, though it 
may possibly be formed by its decomposition, ^ee i'oggendorff'i dtm^kn^ 



Digitized by Googl . 



Prof. Johnston ou the iodide of a new Carbo-^iydrogen. S 

yellow by the action of chlorim^ In hot solutions of carbo^ 
nated alkaUes it is putly decomposed, iodine being senaratedf 
but its colour remains undiai^ed. Heated to 212° Fakr., 
it slowly but sensibly loses weight, evolving the odour of 
naphtlia and a little iodine. At a hiprher temperature it gives 
off a voliiiiie combustible liquid resembling naphtha, which 
burns Willi much smoke, ana if the hent be still increased, 
itxliiie vapour appears in lurp;e quantity colouring the naph- 
tha (?) diurk brown, and a bulky shining charcoal remains be* 
hind. It Is not nnlikely that bydrioaae acid may alio be 
among the prodncCs, 

Bonad whh aside of copper this eubalence gate the Ibl- 
lowiqgreraltts 



1. 8-77 gia. gave C = 18'5G and H 
& 6*77 gis. g8?e C =s ia*15 and U 
8. 6*1S7 grs. gave 6 m 19'S16 and H 
These are equivalent, per cent.} to 



57*895 

6151 



4' 94- grs. 
4*655 gri. 
8*505 grs. 



8. 
55*480 

6*346 
88-164 



100 100 100 

It was not till I observed the discrepancy between the first 
and second analyses that 1 studied the action of a tempera- 
ture of 212^' I'alir. on this compouiid, aiid Ibuiid that it was 
bluwiy decomposed, and iodiue expelled from it by this de- 
gree of heat. The third analysis therefore waa made with 
flMia preoaation, and cafe was taken to avoid deoompoaltioii 
by the application of heat while pumpiiw oat the moisture 
mm the oxide of ocmpen In this anal^MS therefore the 
chances of error were feast, and the result agrees vwy dosely 
with the Ibrmula I| sinee 

Calculated. Experiment. 



SOcarbon... ta 2293*110 
20 hydrogen = 249*592 
1 iodine.... = 157f^-290 



55-667 
6-059 
38-274. 



5/5 -190 
38-164 



4120-992 100 100 

The excess of hydrogen is due to the more imperfect man- 
ner in which it was necessary to pump out the water in order 
to avoid tbe separation of iodine^ as bad probably been the 

B2 
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4 Prof. JohDston ou ike Iodide of a rim Carbo-h/drogetu 

cm in tbe previons analvsis*. The experimental result 
however may be reconciled to the foramla (G^ + H i) 
which gives 6*340 of hydrogen per cent., a quantity so near 
to that found as to leave nothing for tlie ordinary error of 
nnnlvsis. The action of clilorine hereatter described, if the 
results are to be tlcpendLcl ii})ony gives a probability to this 
lonnula, in addiuoii to that wliieh is derivecf from the rational 
tutiiiula, adopted by Liebig to represent the constitulioii of 
what by other chemists are still regarded as chlorides and 
iodidei of olefiant gas (elayle) and Mm other earbo-hjrdio- 
g€ns« 

It has been already stated, that when boiled m caiboneted 

alkalies the colour of this compound remains uncfaangedy 
and that it undergoes decomposition. The deoomposition 

however is only partial. 4*51 grs. boiled in a concentrated 
solution of carbonate of soda, and afterwards washed and 
dried at a gentle heat, still weighed 3-51 grs. having lost ^?2'17 
per cent. The whole of the iodine therefore is not sc jiarati d 
by this process; it may however be coni}>lcLeIy separated by 
mixture with pure carbonate oi soda, ami gradually heating 
o?er the lamp to a temperature below redoes. 

In this way I obtained by means of nitrate of siWeran ap« 
proximation to the onantitjr of Iodine^ which however was too 
rode to be worthy or insertion in the present paper. I was, at 
the time of making the experiment, nnac^uainted with the 
more perfect method of estimating the quantity of iodine sinoe 

published hv Lassaignc. 

II. Din'iisccl tbrouirli water and snbiectec] to the action of 
chlorine, the green colour of this conipounti is siuwly chant'ed 
to brown, but the action is much n)oi"e rapid and complete 
when the iodide is reduced to fine powder, diO'used through 
alcohol, and submitted to a current of dilorine. Thus treated 
it speedily acc^uires a bright yellow colonr« comlnning vrith 
chlorine and yielding the iodine to the supernatant liquidf in 
which it is readily recognised* 

I subjected to analysis a portion of the substance thus pre* 
paredi afler washing with alcohol and drying at SIS^ Fabn 
when heated in a dose tube it gave off no iodine. 

a. 8*45 grs. gave C as ]8«81 grs. and H at 4*545 grs. 

* 2*795 ers. heated to for &onie time, losit 0*^5 ar., and at a subse- 
quent weighing die lo» amoiiDted to 0-485 gr. Btill n mtm petrfMs to 
prefcrve it for a long tine at ordiiiary tempMituKS and io cloM wwa l i 

\v!!?miit scnstl)!c dproniposition. One ' f the specimens pinployed in the 
above anaiyais was prepared by Mr. Kemp, and nad be«u m my possession 
itfsnU yftfi» 
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The water in the chloride of calcium tube reddened litmnsy 
indicating the presence of muriatic acid, by which the weight 
of water would be in some measure increased. 

b, 7'61 grs. heated with diy carbonate cT soda, gave 7*0SS 
grs, of chloride of silver or 92*B per cent, of chlorine. 

c. 4*462 grs. heated in like manner, but with more care, 
gave 4*517 grs. of chloride of silver or 24*12 per cent, of 
chlorine. 

These results give for tlie composition of the yellow matter 

A B 

Carbon... = 61*55 = 30 atom?. 

Hydrogen 5*98 17*8 — 

Chlorine... 24*12 22'8 2*02 — 

Oxygen ... 8*35 311 — 

.100 

This result indicates the irrational formnlaC^ IIj^ Cl^ O^^ 
which gives 

30 carbon = 2293*11 = 62*13 per cent. 

20 hydrogen 212 15 5*75 — 

2 chlorine 885*30 23*99 — 

3 oxygen 300*00 8*13 ^ 

3690-56 100* 

The elements contained la the above irrational ibrmuiaare 
capable of being arranged in several rntional positions. 
The green iodide being Cg^ I, 

The yellow substance may be (Cgo q'^ +CI} + C1 (1), in 

which three of hydrogen are replaced by three of oxygen, the 
atom of iodine by one of chlonne» and the whole combined 
with another atom of chlorine — ^the oxygen being derived from 
the alcohol, which was undergoing a simultaneous decomposi* 
tion by the action of chlorine. 

Or, it may be C^o ^^'^Og+H CI , . . (2.) 

CL 



'4 



Or — Qao^ H,g+HO. . (3.) 

O, 

in both of which the principle of substitution is equally 
evident. Were we to represent the green compound by 
C3Q HjQ 4- H I, tiiere would even be a conservation of the ori- 
ginal ti/peof composition*. Tlii-s t^pc may also be supposed 
to be sufficiently preserved in the radical, and that it is owing 

£* See the memoir of M. Dumas, p, ii2 of the last voIiudc-'Edit.] 
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to the presence of much mitijatlc add in the eolnlioiif derited 
from the action of the chlorine on the aloolioit that this !»• 
dical |§ R unites with H CI (S'>) instead of simply with CI, 
when It might have been represented by a formula * die exact 
counterpart of that whidi indicates the substance from which 
\t is derived. 

There is, however, still another mode of representini^ the 

rational constitution of this substance, wliich wViile it is ac- 
cordant with the Jacts on which Dumas's views arc louiuicd, 
is inconsistent with the principle of the conservation ol types. 
The yellow compound may be 

(Ci4HsOg + HO) + (C,5H.Cy ♦ • • (4.) 

consisting of equal atoms of an analogous oxide and chloride 
of the radical 6^^ Hg or Hig, with the former of wliich is 
combined also an atom of water. This mode of r epre se nting 
it is accordant with the views of Berzdiust ftod is supported 

by many interesting and striking analogies. 

VN^c ought indeed to distinguish carefully betss eoji u\e Jhrt 
of the mutual substitution of hydrogen and chlorine, and the 
theory of the persistence of types, or the opinion that the 
element which replaces performs liie same function in the 
organic compound as that which is replaced. Of the former 
there can be no doubt, wiiile the adoption of the latter a 
principle is as yet attended with many difficulties and appa- 
rent anomalies, which do not present themselves when we 
regard these altered compounds after the manner in which 
our yellow substance is reprinted in formula 4. 

New views all tend to hasten forward soiencs^ but u new view 
b not in itself necessarily an advance. It may oflen senreasa 
ttseiul guide-post, when it does not dhrectly help us on our 
way. Such good results are sure to follow from the discus- 
sion of the theory of substitutions, though nil the views of its 
eminent author should not iind a permanent place in the 
science. 

I speak with the less confidence in regard to tlie above 
forniiil,{', because 1 am sensible that tiie exaniinaLion of the 
Lvvu cutiipounds described in this paper is by no means com- 
plete: a more careful research iuio the properties and che- 
mical relations, especially of the first of them, would be lilcdy 
1 thhik to lead to inteftsting resuliSi 

The analyses above given were made aa for back as I8S89 
and in Februanr 1888^ and the investigation was left unfinished 
till I diotdd obtaitt a fresh supply of the oomponnd. Mj 
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attention has recently been recalled to the subject by a paper 
on HeUenine^ by M. Gerhardt (Ann» de Chim, et de Ph^ 
vol. Ixxii. p. 163), in which he gives for this substance the for- 
mula C; H,, O, or C30 Hjo O4, containing apparently a ra- 
dical isomeric with the carbo-hytirogen Q.^ Hgo, wliich exists 
in tlie iodide above described. By the action of chlorine, hel- 
lenine becomes (6,5 H,o04 + C,., HJ0CI4) according to Ber- 
zelius, or (C^j Hg CI + H CI) according to Duiua^* la 
which we iee a oooiidenble analogy with the formole for 
the oxtchloride above described. By the actkm of anhydrous 
phosphoric acid on hellenine^ a yellow liquid carbo-bydrcw^ 
IS produced) to which M« Oerhardt gives the name of heU 
lenene* and which is represented by the formuhi C15 , -r- 
the hypothetic radical which enters into the constitution of 
our oxichtoride as it is represented in the formula (4). 

These inieresLing approximations indicate a series of com- 
parative exptiiments, to wliich the iodide described in the 
preaeiit paper might be subjected, with the hope of throwing 
new light on the nature of the ever-varying isomeric modili- 
cadonsy of which Uie compounds of carbon and hydrogen are 
susceptible. I hope to be able soon to return to the subject 
with a view to this invesdgation. 

In regard to the presence of a carbo-hydrogen represented 
by the formula C^o ^io fS^ "^^^ excite our 

surprise if many other such compounds >,lioiikl hereafter be 
met with amono^ the volatile and gaseous products obtained 
fromthe distillation of coal. When we consider how many less 
volatile substances of this class have been extracted by Pelle- 
tier and Walter* from the products oi the distiiiation ui rtisin 
for the manufacture of gas, and how many more volatile ones 
.haTe been separated by Couerbef iioni the gas thus produced 
when subjected to pressure, we shall be prepared to expect 
in coal gas also^ the vapours of many other volatile substances 
in addition to those which have hitherto been detected. 

I have not as yet proposed any name for the supposed 
radical C^,, H^,, . It belongs to the same group as mesitylene 
(Enyl of Berzelius) = C^^ and retinyle C,g 11, g, in both 
of which the elements are in the ratio of 3 to 2. It would 
be exceedingly tiesirable to ndoj)! the system of nomenclature 
nruposed by Berzelius tor these compounds, in which the name 
IS compounded of the Greek numerals expressive of the num- 
ber 01 atoms of each eleoient which are contained in the 
compound. But that such names may be univerallv adopted^ 
it is necessary that the same atomic weights should also be 

• PoggendorflTs /fnnalen, vol. xliv. p. 81. 
i Aim. de Chim, et de Phyi,^ vol. bus. p. 148. 
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generally received. In the pment cas«^ ibr €9UUD|il«^ QOK 
green compound would be represented 

By CgQ + accord inrr to Bcrzelius. 

By Q„ + Jg according to Dumas. 
And by C H,,,, + I nccordin<T to British clieaiibls. 
1 lie coiiipounds of carbon and hydrogen therefore, on the 
principle of Berzelius, which abstractedly is very valuable as 
a guide for general nomenclature, would receive in the worke 
ofdiffiBrait aieroisls at least two^ and Bonetimes three difier- 
ent names of foreign origin. Trivial names therefore derived 
as heretofore fnm different and various sources^ will be likely 
in the present state of the science to create much less con- 
fusion in our rapidly extending, already exeeedingly difficult 
and almost Protean nomendature* 
DuriiBin, Maf 16« li40. 

I 

II. On ihe Optical Characters of Gremoekile {Stdphttrct of 
Cadmium), By James D. Forbes, Eiq.^ F.R*SS. L, and 
Ed,, Professor ^ Natural Fhilosop^ in ihe Universi^ of 
Editiburgh,^ 

TT appears from a late number of Profossor Jam^on'a 
Journal^ that the cr}\stallographic characters of this new 

mineral, as examined Mr. Brooke, remain ambiguous, and 
that the crystals sent to him lor examination do not enable 
him positively to say whether it belongs to tiie rhouibohetli iil 
or to the prismatic system; it may therefore be interesting^ to 
state that 1 have discovered tliat it possesses only one axis of 
double refracUon in the dircciioa ot the axis of the pyramid or 
prism In whidi it usually crystallizes, and oonseqnantly them 
can be no doubt that greenockite isa rhombohedm cadmium 
lb l ende> 
Ediabng^ Mqr \% 1840. 

III. On a nem Speciet ^ Biiianj Caksdm, JBjf Ttuaua 

Taylob, M^JLOS. 

To ihe Biitort qfihe PhUonphicai Magazine and JmmaL 
Gentlemen, 

^JJT'HILST engaged in examining the t \ten<i\ e collection 
'■^ of calculi in the museum of the Uoyal ( ollege of Sur- 

f eons, which had been entrusted to me for that purpose by the 
(oord of Curators, 1 remarked, among those in the Hunterian 
cdlecdoiiy one^ which fhwii its extreme lightness and peculiar 

• Comnmnicatcd bv the Author. We were favoured ^vith this article in 
the uiiilillc of Moi/i but iroui w over»ight which wc icgrct it« iasertioa 
was oodtted* 
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ai^earance, I was led to suspect bad been incorrectly de- 
icribed in die manuscript catalogue as consistiog of the mixed 
phosphates. 

This calculus w<is externally of a dirty white colour, and 
had the greasy feel of cholesterine c aiculi ; it flonted on 
water, and when appiied to the tongue, icll an impius-^iou of 
bitterness. It was of an uvai ligure slightly ILitu iicil, one 
inch aiid a hall in lenglh, rather better than uu inch in ihick- 
uess, and about one inch and a quarter in breadth, but being 
bKoken in thb direction its exact measurement conld not be 
ascertainsd* It readily yielded to the knifie, and the cnt sui^ 
ftee presented a polbhcd appearance : its structure was hiF> 
meUar, beiiig composed of white and reddish-yellow layers 
arranged coocmitricaUy and alteraating with each other* The 
layers were easily separable: at its centre there was a small 
vacuity. 

When heated before the bIo\v j)i])c it readily fused, then 
caughi fire, burning with a clear llame and giving out the 
smell of animal matter, but nothing ot a urinous character, 
it lull u carbonaceous residue, which by raising the heal was 
contorted into a white ash. This ash was aikdme, dissolved 
in wator and dilute acetic acid, and the solutions gave a 
while precipitate with oxalate of ammonia; it was tberelbre 
lime. 

When digested in boiling water, the water became slightly 
brown, but no apparent solution took place: the water on 
evaporation left a transparent yellowish-brown residue^ which 
had a bitter taste and resembled inspissated bile. 

Boiling alcohol extracted from it only a mituite (juantily 
ut white fatty matter, which was deposited on coolinir. 

A buiuiioii of cauijlic potass removed the \<.iiule of the 
colouring matter, but the rest of tlie calculus was unacted on : 
the potass solution was dirty green> and when nentrsliied 
with muriatic add deposited a scan^ precipitate of the same 
tint. 

When digested in nitric acid, effervescence took places with 
the escape of a little nitrous acid ; it then melted into a trans- 
parent oil, which on cooling concreted into a white fatty 
matter. Tliis substance, when wnshec! with distilled water^ 
melted at a tem})crature much below that of boiling water. 

When, nistcad ol nitric acid, muriatic or acetic acid was 
cniploved, the y)<)i tion of calculus did not melt until it had 
been reinoved Iroin the acid; it then presented similar ap- 
pearances to that obtained by the action of iiitrlo add; cod« 
seqnentljf this white firtty matter was not Ibr med by the action 
of the nitric add. 
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In all these eases the acids retained lime in solution. The 

fatty matter separated by the action of acids was partially so- 
luble in boiling alcohol, and the solution on cooling Heposited 
shining crystalline scales. With caustic potass it toriiied a 
ropy almost gelatinous solution, and was precipitated in white 
flakes on the addition of an acid. A small piece being placed 
upon the ball oi a thci liioiiieler previously heatetl, began to 
solidify when the temperature had sunk to about 133^ Fahr. 

From these experiments I concluded that this calculus 
consbted of margaratet or stearate of lime^ mixed probably 
with the oleate of the same base and some of the other con- 
stituents of the bile. That the lime was in combination with 
the fatty acid, was indicated by the insolubility of the calculus 
either in alcohol or caustic alkaline solutions^ until it had 
been previously digested in some acid. 

The minute quantities on which I had hitherto operated 
prevented me from detcrmininfr whether only one or more of 
the fatty acids were present, ihe iolluwing analysis wa:» 
therefore made. 

Anafysis. — 19*80 grs. of the calculus previously dried in 
vacuo over sulphuric acid were boiled in distilled water : a 
peculiar odour was given o% and the water acquired a yeU 
lowish-brown colour: being evaporated to dryness it left a 
transparent resinous-looking residue, which weighed 0*84-. 
This residue when digested in alcohol left 0*24 in the form 
of dirty yellow flakes, which in distilled water swelled up and 
uhiiiiately dissolved, forming a solution which in its chemical 
characters exactly resembled that of the mucus of the gall 
bladder. 

The alcohoUc solution being evaporated to dryness, the re- 
sidue was redissolved in water; tne solution was Intensely 
bitter ; with muriatic acid it save a copious viscid precipi* 
tate: acetate of lead produced likewise a viscid precipitate^ 
and the supernatant liquor when clear was again troubled by 
a solution of suhacetate of lead. 

The 0'81 consisted therefore of mucus of the gall bladder 
0*24; inspissated bile 0 60. 

After water had extracted from the calculus all lluit it was 
capable of dissois ing, it was treated witli iiuccessivc purliuns 
of boiling alcohol sp. gr. *8S0. 

The first alcoholic solution on cooling deposited a white 
matter, which did not readUy redissolve in hoi alcohol or 
SBther, but was acted upon by acetic acid. It appeared to be 
part of the calculus that had been dissolved unchanged ; the 
quantity was however too minute to be estimated. Tiie al- 
coholic solutions were filtered, and being mixed together, the 
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whole was gently eftporatod ; as ihm liquid beoune ooncen* 
trated, it dapooted 101116 white fatty matter and acquired a 
yellow tinge I a residuum was ultimately Wft» which had the 

appearance of a mixture of a fluid and concrete oleaginous 
substance. On the application of heat it became a yellow 
oil, which oa cooling only |)aniaiiy solidilifid: it weighed 
0-47. 

It strongly reddened litmus paper ; dissolved readily in a 
cold solution of caustic putass ; and vtAn precipitated in soft 
flakes on the addiuoii of an acid. 

This substance consisted therefore of oleic acid^ mixed with 
Migerie or tleAiic acid. 

Strong aoetk add dilated with twiee itt balk of water waa 
now ponred oyer the €alflnhi% and the action of the acid aided 
by a gentle heat. The insoluble loiidaa was ooiladad oa 
* double filtei% washed, and dried* 

The aoi^ soiotion with ha waifakigs was reduced to a 
small bulk, and a solution of ammonia Mlded ; afler the lapte 
of pcvcrnl houry no precipitnte appearing, the excess of am- 
monia was ricarlv neutralized by a solution oi oxalic acid : a 
white precipitate lell, which when washed, dried, atui liLaiud 
to dull redness in a platioa cruciblei left 2*09 carbunabe oi' 
lime =1*17 lime. 

The remaining liquid being evaporated to dryness and tlie 
anmiomacal salts expelled, a residuum was left which weighed 
0*10 : water disaolT«d a portkNi of thia ; the aohitioii was al* 
kaliney and when evaporated nunuta crvatab were fiinned, 
which all||i;litly effinrveaoed in aeedc aeia: thehr aolntion not ' 
precipitating chloride of platina, leaves little doubt of their 
Deing carbonate of soda : the small portion which fomained 
undissolved proved to be carbonate of lime. 

The matter left upon the filter after the action of the acetic 
acid was again digested in boiling alcohol, a considerable 
portion dissolved, and the remainder had acquired a much 
deeper colour : it wns collected on the same HItcrs, which were 
repeatedly washed with boiling spirit ; u htii dried and 
weiglied a^aiust the outer filter it aniouuicd Lu 0*86. 

This substance possessed a brownish-yellow colour. It 
dissolved in sululions oi caa^lic and caibonalc ui potass, 
forming solutions having nearly the same colour. 

MnmtieacidraiidaiidltgNai^aad when added toiteal* 
kalme aolotioa threw down green flocka» 

With nitric add It fonned a red solatioo* 

Thb substance was therefore identical with the colouring 
matter of the bile, and which forms the principel oonstttaent 
of the biliary calculi of oxen* 

The alcoholic solatioiis wera concentrated by carefid di- 
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stillatlon in a small retort: the liquid remaining in the retort, 
when cold, formed a soft crystalline mass, composed of hril- 
jiant plates and having a pearly lustre, very much resembUug 
mar^aric acid. 

This substance, when fused and kept for some time in 
uuiio over suli)liuric acid, weighed 8*88. It melted at 136** 
Fahr., and on tooling became a crystalline solid, red- 
dened litmus paper, and was easily soluble in a cold solu- 
tion of caustic potm$ the solutbn whai conoentratad wu 
ropy and gelatinous; when dilate it fonned a slightly milky 
mixture with minute slistening partidei floating in it; on 
the addition of an acid, die substance was thrown Aoftm in 
the form of white flakes, which possessed the same properties 
as before solution, When boiled with the alkaline carbonatesy 
it was dissolved, with the escape of carbonic add* By re- 
dissolving it in hot alcohol, crystalline plates were deposited * 
on cooling, which after washing with cold f^plrit fused at 
about 110°. The low fusing point ot this substance e vidently 
indicates the presence of oleic acid. In order to ascertain 
whether the crystals fusible at 140° were pure margaric 
acid or stearic acid rendered more fusible by an admixture 
ot oleic acid, they were again dissolved in uarm spirit, and 
thti cr^'alals as .soon as I'oi'ined dried by comprtision between 
folds of blotting paper ; by repeating this process two or three 
times» the fusmg point was raised to nearly 160^« This must 
therefore be regarded as pure stearic acid; and as I find that 
both stearic and marine adds require to be several times 
recrystallized from their alcoholic solutions to free them from 
even small quantities of oleic acid, and as no decided indi- 
cation of the presence of margaric acid could be detected 
in the mother liquors, I am inclined to believe that oleic acid 
had only been separated by the above treatment, and that con- 
sequently margaric ncid did not enter into the composition of 
the calculus. It would however be impossible to speak de* 
cidedly on this point. 

The result of the analysis is as follows: 

btearic acid mixed wiili a small pro- "I p,^- 



portion of oleic acid J 

Lime 1*17 

Soda with a trace of lime.*«««««*»»«*«»M» 0*05 
Yellow cdooring matter of the bile 0*86 

Inspissated bile 0*00 

Mucus of the gall-bladder •••t««««.*...«».0^ 

' 1«*«7 
Loss • SS 

12-80 
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The gmter part of the lots in this analysis should be 
•dded to the stearic addf as owing to the sudden extrica- 
tion of Taponr while under tiie receiver of the air-pump a 
small part of the acid was thrown out ; but I prefer givmg 
the quantities actually obtained to making any allowance for 

known sources of crror. 

Thc composition of the calculus clearly points out its biliary 
origin, but whether taken from man or the brute must remain 
doubtful, as there is no history to eulda us. 

Stearic, niurgaric, and oleic acids exist in ilie bile of oxen 
in combination with soda ; and aooording to Lecanu and Casa* 
aeca^, stearic and oleic add in that of man; the latter I have 
frequently detected* but I cannot find that these acids have 
ever been noticed as entering into the composition of biliary 
ooocrstionS) much less forming the prominent constituent. I 
'was nnable to detect the slightest trace of these acids in five 
specimens selected from about 200. 

From cliolesterinc CvnlcuU it Is readily distinguished by the 
absence of any crystal line structure when broken, which un- 
less the quantity of culouriurr matter be very large is nlwnvs 
more or less Apparent in that variety; also by its uiboUibiliiy 
in alcohol or tether and by readily dissolving in these men- 
atnia, and in a cold solution of caustic potass after it has 
been acted upon bv an acjd. 

Before I condude, I am anxious to rectify an error which 
I inadvertently committed in my paper on the calculi in the 
museum of Sl Bartholomew's uospitalf. I there stated that 
urate of ammonia had always been confounded with the 
uric acid variety in the tables that had been published on 
tlie relative frequency of the different species of calculus f. 
This was not, however, the case in a paper by Dr. Yelioiy, 
in the Philosophical Transactions for 1829 :^0, containing 
the analysis of the Norwich cuUection, and 1 regret that I 
have not had an opportunity of making this acknowlegemuiL 
sooner. 

April 8th, 1840, ThOMAS TaYLOR- 

New Brid^ Street, London. MJLOa 

N.B. A notice of this calculus was sent to the Board of 
Curntors in March 1839> but a variety of circumstances liave 
delayed its publication. 

• Gmelin's Handhurh dcr Cficmiei Joumtd de Fharmaek, 12. 

t L. & £. Phil. Mag. val. xii. p. 4 IS. } lb, p. 414, 
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IT is more than twelve years since Dr. Foville laid before 
the Royal Academj^ oi' Sciences of Paris some highly in- 
terestiiif^ cii^covciies respecting the anatomical structure of 
the brain. Tiicy were the results of iaboi iuus researches in 
what at that period he had already been long engaged. At ihc 
time they attracted the careful atteotion of the anatomical 
members of the Institute, and more emdallv of the late 
Baron Cttvier^ and of Professor Blauiv3ie» and an able and 
highly faYonrable report on the subject was presented to ^ 
Academy hy the latter savant Ininslations of this Report 
and of l)i . I (jville's Memoir were published soon after in the 
Annals of Philosophy f* From that time to the present the 
Doctor has been pursuing his investigations, anu has made 
new discoveries ns well ns confirmed nis old ones, and has » 
been engaged in prcpariiirr a detailed and extended work on 
the anatomy, physiology, and pathology of the brain and 
spinal cord. He laid a condensed view of the anatomical 
facts before the Medical Section of the British Association at 
its meeting in Birmingham, and has presented a f urther me- 
moir to ilie Academy of Sciences of Paris. The Doctor has 
thrown the substance of both papers into the following de- 
scription. ^ ■ 

Medical men in general are so well aware of the import 
ance^ and at the same time of the difficulty of the study of the 
nervous system, that the physician who attempts to communis 
cate to his professional brethren the result of his researcbeSf 
may flatter himself that he is speaking on a subject which can* 
not &il to be interesting. Hence in desiring to Communicate 
some results of my anatomical researches concerning the 
brain, I need not solicit the indulgence of the meeting for the 
subject itself, which 1ms for many yenrs engaged my atteinion, 
but I must apologise lor tlie imperfect style of the present 
sketch. I arrived in Louduii only a few days ago in order 
to visit my friend Dr. Hodgkin, and had not anticipated 
his inviting me to join \um at tlie meeting oi the British 
Association for the. Advancement of Science, and present to 
this meeting an abstract of my researches into the structure 
of the enoephalon. lUvin^ left my mannacripl^ now nearly 
ready for pubtication» in Irance, imd not having time ana 
opportunity to procure new preparations from which I m^t 
write the present essay, I have hem obliged to depend on 

^ Communicated by Dr. Hodgkin. 

t ra. M«g. sod Aavify N.& vpI. y. p. Epit. 
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my mmory for the description of some stnictnnd arrange- 
inents whidi have arrested my attention. 

When we look at the works which treat of the anatomy of 
the braiDy we find that they may be distinguished into two 
classes. Some being designed to illustrate tlie form of the 
brain in general, and to indicate the particulars of its exter- 
nal surface as well as of its ventricular cavities, only exhibit 
its substance by sections, which destroy the arrangement of 
the parts without showing their structure. Others, being 
composed by authors aware of the imperfection of those 
processes by which nothing but superficial appearances and 
casual sections are exhibitea, aim at elucidatuig the mysteries 
of the oefcbral oraanizatioii by studying the composition and 
arrangement of 3ie substances constituting the encephalic 
masses. 

It is needless in speaking to so enlightened an assembly as 
this to draw any comparison between the advantages of 

these two difierent methods. Centuries have passed since the 
superiority of that which is designed to ascertain the intimate 
coniposition and structure of the parts was first recognised 
by some anatomists. The celebrated Willis has insisted as 
strongly as any modern writer on the atlviuitages of the pro- 
cess alluded to ; and Maipighi proved its excellence when he 
so accurately described the granular disposition of the gray 
matter and the fibrous structure* of the white. Nevertheless in 
spite of these superior men, their improved views did not 
ffenerally prevail in the schools ; and when at the end of the 
bst centuj^y Reil, and at the beginning of the present, Gall, 
undertook to prove the fibrous structure of the white sub- 
stance of the brain, they thought they were announcing an 
anatomical discovery. 

Reil by his writings, and Gall by liis lectui Ls and publi- 
cations in which he was associated with Spurzlicini, liave pro- 
pagated their ardour for sound anatomical iiKjun i* s. But 
notwithstanding their efforts, the practice of cutting tiirough 
tlie bruiu is not yet abandoned, though it is generally un- 
derstood that this old and imperfect method is insumdent 
of itself, and that it is bv combining with it more appropriate 
means of investigation that &cts which twenty years ago were 
controverted are now incontestably demonstrated. Thus, for 
example, all anatomists of the present dav concur in the view 
diat the while substance is fibrous, and the gra^ granular ; 
and at the same time, contrary to the views of Gall, a ^reat 
many j^hvsiologists agree in thinkinpf that the gray luatier is 
the active part in the functions attributed to the nervous sy- 
stemi and that the white fibres are in the brain as in the 
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nervest inert condaccors. It still remains to determine which 

of these substances is pre-existent to the other ; in what or- 
der (he development of the different parts which they com* 
pose takes place, and what are the most essential differences 

in the nervous systems in different nnimnls. It is sufficient 
to mention the name of Tiedemanii to reniiiul you of the light 
which has been thrown on these interesting and important 
cjuestions. 

1 wili not luideiuke to enumerate the many points which 
are yet to be elucidated. I will merely, before exposing my 
own views on the structure of the encephalony allude to fliose 
of the most eminent anatomists who have attempted to deter- 
mine the disposition of the two substances composing the 
encephalic masses. 

\\ illis, Malpighi, Reil, Gall, and Spurzheim are of opinion 
that the white fibres of the crura cerebri, after emerging from 
the medulla oblongata, penetrate into the hemispheres, di- 
verging in various directions till they meet the gray matter o\' 
the convolutions in which they terminate. They Ix lievc lliat 
the corpub callosum reacliing from one hemispliere to the 
Other is forme<l by the union on the median line of a new 
order of fibres, originating in that same gray matter of the 
convolutions^ as that in which the fibres proceeding from the 
crura cerebri terminate. Gall clearly and distinctly ex- 
presses this opinion, when he says that the brain is formed 
of two different orders of fibres, the one of diverging, the 
other of converging fibres. 

Tiedemann does not admit these two orders of fibres. Ac- 
cording to his views, the fibres meeting in the corj)us callosum 
are a continuation of those which proceed from tlie crura ce- 
rebri alter they have gone through tiic enliie circumference 
of the hemispheres. 

Which of these different views is consistent with the truth ? 
Is there no other difficulty than the choice between them ? 

It is pretty generally admitted that the encephalic masses 
are, according to the poetic language of Reil, an efflores- 
cence of tlie spinal marrow," the cerebrum being developed 
at the summit of its anterior, the cerebellum, at the summit 
of -its posterior columns. The decussation between the two 
anterior ))yramids btlouging to the anterior columns is held 
to account for the effects of cerebral complaints being mani- 
fested on tlie side of the body opposed to their seat in the 
brain. 

For this last fact to be true, it is necessary that the decus- 
sation between the two pyramids should be at once in com- 
mmucatioQ with all the museular nerves in the body and with 
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•11 the pttta of the bniiiy which hmg altered prodaoe sym- 
ptoms oo the oppoette side. Hence in our snmy the necessity 
of tracing aocaretely the oonnexions between the pyramids 

and the other parts of the cerebro-spinal system. 

Tlie spinal marrow situated below the decussation of the 
pyramids is composed of two symmetrical portions, s\ htch are 
united by a commissure of white matter. Without entering 
into the consideration ul how many distinct columns are to be 
found in each hall^ I will now point out the different appear- 
ances belonging to the anterior and posterior surfaces of its 
commissure. 

Throughout its whole extent the anterior commissure is 
divided longitudinally by nnmerons small hole% which are 
never to be round absolntely on the meduin line» where there 
exists a kind of very small raphe. At its superior extremity 
this anterior surface of the commissure becomes more super» 
ficial» and gradually assumes something of the aspect belong- 
ing to the decussation of the pyramids; so much so^ that it is 
not always easy to determine where the commissure ends 
and the decussation begins. 

The posterior surface of this commissure, which is visible 
at the l)ottom of the posterior fissure, does not present the 
same appearance as the anterior surface. The two surfaces 
are so near each other that they seem at first to belong to the 
same fibrous layer; but a close exariniuLiion (iuaionstrates 
that this is not tiic case, for thtic ia cuiii>tanLly a sensible in- 
terval between the two surfaces. On the median line, two 
small very fine paratld white lajpm pass from the one to 
the other. If this double commissure be compared to the 
corpus callosum and fornix^ these white layers going from the 
one to the other bear some analogy to the septum luddum in 
the brain. 

1 think this cavity has already been noticed by Malpighi; 
and Dr. Hod^kin believes that he has more than once ob- 
served it* Gall described a longitudinal cavity on each side of 
the spinal cord, but it has been ascertained that tliey were pro- 
duced by blowing into tlie central longitudinal masses on each 
sitle of the mnriow. Tluis we litid in the commissure two 
triinsvci\^L h;iiKl» of white matter uniting the twohalvesof the 
spinal marro'^v, which bands are connected together on the 
median line l)y a delicate double band of white matter be- 
tween the iayci a, of which a natural cavity seems to exist. 

Let us now inquire what becomes of toe two commissures 
when they penetrate on each side into the snbstanoe of the 
marrow, it seems to me that they soon become united to- 
gether so as to constitute a kind of axisy around which are 
attadied the lateral fibrous columns by means of fibres ra-^ 

em. M^. S* 3. VoL 17. No^ 107. 1B40* C 
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diating transversely from the former into the latter. It ap- 
pears also that a greater jiumher of the fibres going to the 
roots of the spinal nerves proceed dii ectly Iroai the axis itselC 
This distribiittOD iMnore evident with respect to the posterior 
than to the anterior roots. 

Without attempting to describe the lateral colamns of the 
spinal marrow^ I must not omit to mention a remarkable dif- 
ference between the lateral parts of these columns and the 
anterior and posterior portions. If a portion of the spinal 
marrow be cut out transversely, freed from its membranes, 
and left to macerate in plain water for a few liours, the lateral 
parts of each half will assume, in consequence of the swelling 
of their hbious fasciculi, an appearance something like that 
of a larffe nerve, whilst the anterior and posterior parts ad- 
joining these lateral columns are oniformly swelled without 
presenting any such appearance. Let us now see how the 
axes of the superficial columns of the spinal marrow are con- 
nected with the parts developed at ttieir upper extremity^ 
that is to say, in the medulla oblongata. 

The anterior part of the axis, in other words, the anterior 
part of the commissure, appears to go almost entirely into the 
decussation of the anterior pyramids, and into the pyra- 
mids themselves. A ver^^ fine commissure between the pyra- 
mids seeuis to be a continuation of the anterior commisi^urti 
which exists throughout the whole length of the spinal mar- 
row. 

The posterior commissure ascending along the medulla 
oblongata comes very near to the surface, and when examined 
between the two lateral portions of the meduUsi it seems to 
constitute a very delicate bond of union between the two sides 

of the calamus scriptoriiis. This union seems to be estnV>lished 
by ineaiis oi t\vo slight fibrous columns, which are prolonga- 
tions of the postL i ior commissure of the spinal marrow. 

If these statements are correct, we see that when the pro- 
longations of the commissures or naked surfaces of the axis 
of the spinal marrow are examined in the medulla oblongata, 
instead of being verv near each oUier on the median line^ they 
are separated by all the interval existing between the anterior 
and posterior surfaces of the medulla oblongata. But so 
slight are the remains of the commissures when examined in 
the medulla oblongata, that it is very easy to overlook them. 
When the two halves of the medulla oblongata are separated, 
and this separation is easily produced by introducing and 
gently pressing a probe between tiie two anterior pyramids 
oi the two halves of the calamus srrijnoriu^, they present to 
our view fibres going from before backwards, and so dis- 
posedy that those ou the right side correspond to the intervals 
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ofthoieon dwkft. Oki each side tbey Man to |m iroai tlui 
pyramid before to eome email oolnmnt which proceed from 
the poeterior commieaofo behind. These two opposed layers 

of fibres passing finom before to behind, correspond in the 
medulla oblongata to the double band baTiDg Uie same dis- 
position in the medulla spinalis. 

Witli the posterior bundles of the medulla obionn^atn, coii« 
tinuous with the posterior commissure of the spinal marrow, 
are connected those while (ibies seen on the surface of the 
.calamus scriptorius, which ore said to (70 to the auditory nerve. 

I must not forget to suy, that from lUvsc same posterior 
ascending bnndlu proceed radiating fibres, going to tlie so* 
psrfidal columns or the medalla oblongata, in like manner as 
there are found radiating fibres proceeding from the axis of 
the medalla spinalis and going to its snpeiSoial coltmuis. 

These rem^able anSDmlcal arran^ments are not to fa. 
foond in the spinal marrow and medulla oblongata alone; 
they exist still higher, in the crura cerebri. I must not now 
nttempt to describe thc=e connexions further, as I have several 
oiliLi- points to notice, and shall therefore be glad if T have 
succeeded in conveying to you some idea of their churucier. 
Nor will 1 here undertake to describe the multifarious and 
highly comulicated parts which are to be iuuud in and above the 
mediula obiODfiata going to the oerebellam and cerebruro,into 
which meny of them may be followed. I will merely remarl^ 
that among all these fibrous bundlse thoee in communioatioo 
with the anterior pyramids are the most simple and the most 
direct ui their progress to tiie bfain through the cms cerebrii 
for they constitute the inferior part. 

This inferior part of the crus cerebri, flattened a little 
trans vpr«^ely at its eturance into the brain* is received into a 
transverse cavity. 

The superior part of the same cms cerebri when enterint^ 
the brain unites directly wiih the thalamus nurvi optici, w hich 
seems to be an enlargement and modification of this part« 
When attantavely examined^ the tbalamiia nem optid is sesn 
forminj^ with its appcndagea^ of which the nenros opticus 
emeiguig firom it is the most remarkable, a complete circle or 
at least a rounded mass, aboat the inferior pmt of the cma 
at its entrance into the brain. 

It seems highly important to distinguish with exactness the 
further disposittoa of these two diuinct proiongatioos of the 
crus cerebri. 

Internal to the fissure of Sylvius ihere is an elongated four* 
sided surface, o\' wliiti-.h culour, \^ liich is the only fil>roHS part 
^f the exlt:iual auriacc of the bmiu. Thid uuudiaugle in 
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petforafied by a great number of vascular holes, and its greatest 

dimension is from within outwards nnd backwards. 

Its anterior margin is curvedy and bears the e^^ternai root 
oi the oitaclory nerve. 

Its posterior margin, equally curved, bears a part of the 
optic nerve, which is prolonged outwards and backwards from 
the commissure. 

At the anterior border of the same qoadranffle is seen the 
base of the convolution which b in relation wifli the olfiu^ory 
nerve. 

To the extreme limit of its posterior margin is attached in 
some sort by its base the great tuberosity of the most inters 

ml convolution of the temporal lobe of the l>rain. This con- 
volution is not less remarkable for its form and situation than 
for its surface, which a))pears invested by a whitish layer of 
matter perforated wiih iioies like lace. 

Internally this quadrangle is inclined towards tlie inferior 
part of the septum lucidum, and presents a swelling corre- 
sponding to the commissure of the optic nerves. 

With the fibres composing the surface of this quadrangle 
are united all the roots of the olfactory nerve* except the 
anterior on^ which is continued into the subetance of the 
convolution on which this nerve rests. 

With the fibres of t])e same quadrangle are also combined 
n layer uf nervous matter and some radicular prolongations 
given off from the optic nerve. 

The most internal })ortion of the quadrangle goes up under 
the septum lucidum to the base of the anterior part ol the 
lateral ventricle. Its external portion, combined with the great 
tuberosity of the convolution of the comu ammonis^ or the 
convolution displaying the hippocampus major on its ventri- 
cular surface* corresponds with the deepest part of the 
scending comu of the same ventricle in the temporal lobe. 

its adherent suriiu^ this quadrangle covers a part of 
the mferior extra-ventricular portion of the corpus striatum 
and thalamus nervi optici, and also receives a delicate layer of 
fibres which come from tlie corpus striatum and optic thala- 
mus, in a line as distinct IVuui that by which the fibrons planes 
proceed Irom the same parts to the internal surface ul the 
convolutions, as that in which the anterior roots of the spinal 
nerves originate is distinct from that in which the posterior 
roots of the same nerves arise. Several radicular, prolonga^ 
tions of the olfactory nerve go into the slight fibrous layer 
which is observable in the substance of the corpus striatum. 

The anterior boundary of the fibrous quadrangle whose 
relations J have just now sltetched^ sends off a fibrous band. 
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which connected al lis origin with the base of the convolution 
of the d&ctory nerve, ascends in front of the corpus callo- 
snniy to the side of which it is applied) winds round its an- 
terior extremity, then follows its superior aspect, and descend- 
ing behind its posterior border into the convolution which 
bounds the fissure of Bichat, returns to the tiiberoskv si- 
tuated ou tlie external edge of the quadrangle so often men- 
tioned. 

Tliis fibrous band therelore, with the quudrangie \n which 
it ceases at its two opposite extremities, oescribes a large cir- 
cle in which the corpus callosnm is inscribed. The circumfe- 
rence of this fibrous band forms the base of a convolution 
whose remarkable disposition has engmd the attention of 
anatomists. It forms with the latter, on the edge of the corpus 
callc^um contiguous to the hemispheres and the fissure of 
Bichat, nsort of listing, or border, in u hich the gray substance 
ot ihe convolutions ends. 1 have thouglil it roper in an ex- 
tensive woi k on the anatomy of the brain to name this band 
cerebral border, and the corresponding convolution, convolu- 
tion of the border. 

Thu8^ without multiply lug details, we find reaching all 
along the circumference, or if the term which I have proposed 
be approved of, along the contracted border forming the li- 
mit or the extensive gra^ membrane folded into convolutions 
on the suHace of the orain, a fibrous cord, which forms along 
with the superficial quadrangle whence it is derived, a com- 
plete circle round the corpus callosnms nnd this qundrangle 
and its iinmeciiute dependence communicule on the otlier side 
with the faeiisoi iai nerves of the brain. 

Let us now take a rapid view of the fibrous parts of the 
hemispheres. The^* originate externally in a fasciculated fi« 
brous layer interposed between the gray masses of the corpus 
striatum and optic thalamus, and go to the internal surface of 
the cerebral convolutions, whilst the fibrous layer whence 
they issue is continued into the Inferior part of the crus ce- 
rebri, and consequently into the anterior pvramids. On the 
outside of the corpus striatum and optic tnalnmus, these fi- 
brous planes of the hemisphere separate into two strata, upon 
which the cerebral convolutions are raised; nnd each of these 
stratn or secondary planes becomes united to the external 
margin of the circular band forming the border of the hemi* 
spheres. One oi these unions takes place in the hollow of 
the fissure of Sylvius ; the other in all the rest of the internal 
drcumforenoe or border of the gray substance of the convo- 
lutions. 

Of thsaa two orders of fibres thus difeently disposed, the 
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one tbtii oommnnioitfis with tihe posterm part of iIm om 
cerebri and the oer? es of sensation ; the other wSh the in- 
ierior {ificrt of t!ie crus cerebri and the anterior pyramid^ iihiaii 
decittsate like the efTccts of cerebral lesions bearing upon tho 
powers of motioQ. The fint order of fibm are applied lo 
the circumference of the- convolutions very near the median 
line, and the circle which they form is on a vertical plane, di» 
reeled anlcro«posterior]y ; the second, radiating from within 
outwards towards the nnddle of the convex surface of the 
hemispheres, spread themselves out from thence towards the 
termiii;Uion of the convoluiiuns round the corpus callosum, 
and btcoaie connected here with the external margin of the 
circular band, which extends to the same poiui of the coiivo* 
IntioQB. 

Thifl remark on the rdalion of the eonvolntiooi to tha two 
orders of fibrous partSy of whleh the one proceeds ftoai the 
anterior pyramidf and the anterior parts of the sphul matw 
rowy whilst the other is intimately coDneeted witli the sensorial 
nerve of the brain, and the posterior parts of the spinal mar* 
row, points out the manner in which the cenbral oonvoln* 
tions should be studied. 

If our description is confined to their forms, nothing of im- 
portance will be revealed. Bnt if on the coiui ai v we endea* 
vour accurately to determine their relation to tiie other parts 
of the sy^tcni l)y incans of the fibrous parts entering into 
their composition, the mind will be prepaied to apprehend 
the different offices they arc intended to fulfil. This is what 
I have endeavoured to accomplish in the first place iu the 
human brain, and secondarily in that of a consid er able nnoi» 
hsr of raammiferons animals. I shall snlf|oui heie an aha* 
tract of my researches on this salject« 

Considered in reference to the diffirait connoaiaiis of their 
fibrous partS) the convolations may be distingaished into two 
principal classes: first, those clothing the prolongations in 
the brain of the fibrous bands connected with the olfiM^lory 
lobes, optic nerves, and posterior parts of the OMdulla spinalis; 
and second, those enveloping the cerebral terminationa of the 
-pyramidal fasciculus of the crus. 

The convolutions connected with the prolongations in the 
brain of the fibrous parts wliich proceed from the basilary 
quadrangle, or the coiiuuoii meeting-point of the sensorial 
nerves and tlie iiostci iui parts of the medulla, constitute all 
the plain intd iKil part of the hemisphere, the surface ot the 
basilary cei e be llo- temporal zone, aud the lobule of the in&ula. 
Those developed on the terminations of the pyramidal finh 
dculos of the cirus, cooslitule all the aHenMl lairim of the 
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hemupliere and the concave surface of tbo orbital region of 
ili bflie. The respective liautti of these two classes of convo^ 
lutions are indicated on the oiM hand by a grand Hue of con- 
volutions wliich courses ftlong in its whole extent the large 
circiimtcr«jiicc of the heniis[)liere, commencinr^; in tVoiu at the 
anterior iiiaigni ol the }>eiiorated quadrangle, and ieraiinatiny^ 
beliimi at tlie posterior margin of the same quadrangle ; awd 
on the oLlier hand by another line of convolutions, which lurms 
the inclosure of the fissure of Sylvius, arisiuff before and end** 
iag bdund like the preoeding greod line et 3ie oppo«ite mar- 
fini of the perfbntod auednngle. 

^ Thus contiguoat eno united at their eitremitie^ these two 
lines divei^ge from eeoh other thionghout the rest of their 
extent, the grand line trafersiDg soccessiveljr the internal 

border of the orbital region of the base of the brain, the great 
convex border of the hemisphere, and lastly, the external 
bordci of the basilary cerebcllo temporal zone; whilst the 
convolutions of tht; inclosure of the iissure of Sylvius travels 
in succession along the anterior border, the superior bor- 
der, and lasUy, tlie inferior border ui the ii:>2>ure which it 
bounds* 

AU the principal difisiont found by each of these two lines ' 
of eooTolotiona correspond to those fiurmed by the other. That 
of the large eireomftrenoe which forms the internal 
er of the orbital region corresponds to the convolution- 
ory inclosure of the fissure of Sylvius, forming the external 
liinit of the same orbital region. The great convex boundary 
of the hemisphere corresponds to the suj>erior border of the 
iissure of Sylvius; and lastly, the cxiernai [)L)r(ier of the ce- 
rebello-temporal zone answers to the inferior border ot ilie 
ii^suie of Sylvius. i lie anterior uagie lurmed by llie uiiiun 
of the first and second parts of the indosnre of the fissure of 
MviuB) answers to the angle toned aft the antmr extremity 
ot the brain by the union of the greet oonvex border of the 
heraispliere wuh tiie external border of the orbital region. 
The posterior angle of the fissure of Sylvius^ subtend^ by 
the line which forms its superior border* meetiDg with that 
which forms its inferior border, answers to the angle formed 
by the meeting of tiie gremt convex border of the hemisphere 
with the external border of the cerebeiio-teiuporal /one at the 
posterior extremity of the brain. Lastly, as these iwo h'nes 
meet at their extremities, in contact vs ith the perforated i^ua- 
drangle, u is ^een that the convolutions included in tlie in- 
tervu between them occupying all tiie couTex external aspect 
of tlm hemisphere and the orbital ic|g^ of its inferior aspect* 
am qinka diatmcl from those sitoated at the internal aspect 
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and at the basilary i^urfacc ; and lastly, troni those wfiich in 
the lissure of Sylvius itselt constitute the lohule of ihe insula. 
Of the convolutions of the regiuiis whicii 1 have just iu>iiitcd 
out, those of the internal aspect of the cerebello-temporul 
zone are included between the line of convolutions which 
tniekfl the large circumferenoe of the hemiflpbere^ and that 
part of the convolution of the border which extends from 
the anterior to the posterior margin of the perforated qu&- 
drangle^ following tne curve from before to behind of the 
corpus callosum, and the fissnre of Bichat. Lastly, ibe 
convolutions of the insula are included between the line of 
convolution forming the inclosnre of the fissure of Sylvius, 
and that pai t of llie coiivnluiion ot the border, very sliorl in 
man, on which in prolonged the external root of the oltactory 
nerve. 

If we dissect the convohuions oi die plain intei iml suriaco 
of the hemisphere, those of the cerebello-temporal zone, and 
lastly, those of the insol% we can easily show that their fi» 
broas parts converge ftom the great drcoBileraica of the 
heroispherey and of the oonvdbtionary inclosure of the fissniw 
of Sylvius towards the oorrespondioff regions of the convolu- 
tion of the border, and terminate at last in the fibrous band 
of the border itself, whose connexions with the perforated 
quadrangle, the sensorial nerves of the brain, and the posterior 
parts of the spinal marrow we are already ac(j\jaiiUL(i with. 
On the contrary, dissection of the convolutions on tlie ex- 
ternal convex suiluce of the hemisphere included bciween the 
two grand lines of convolution which bound this aspect, one 
of these lines traversinff the ^reat circumference of uie bmit 
the odier Ibllowing and forming the bomdary of the fissnra 
of S|f Iviusy shows thai the fibrous twig of these oonvolotiona 
tenninates in the plana of the hemisphara which emanates 
from the pyramidal portion of the cms 0B(rdbn» 

As to the two lines of convolution sitnated on the limit of 
those convolutions which are united with the dependences of 
the border and of those wliicli envelope the terminations of 
the plane of the hemispliei c, they both pertain by one of their 
niai*,nns, to the protluctions of the border, and by the other 
to the productions oi the plane ol die hemisphere. They 
form then a means of union between the two orders of con- 
volntions, of which the one is connected to tfie sensorial nerves 
and the posterior parts of the spinal mamw> and the other 
to the anterior pyramids and the anterior parts of the spbud 
marrow* 

Thus all the convolutions developed in the interval of tho • 
two snaoea between tha extamai sMrftcn of hamiaBhMi 
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•Ad the internal and external margins of the orbital rigioo, 
are in exclusive relation with the prolongations of the pym« 

nidnl fasciculus of the crus. 

All the convolutions developed between iho border, pro- 
perly speiikini^, and the ^nai cirLumferenci; ol the hemi- 
sphci periaiu to the fibrous emiuiaUuns from the peiiorated 

qua(iran£Tle. 

All the convululiuns oi the insula situated between tlie 
short region of tlie border which is traversed by the external 
root of &e olfiwlory nerr^ and the convolutionarv indosm 
of the fissure of SYlviost belong peculiarly to the fibrous pertf 
emanetbg from that region of the border to which befoogs 
the external root of twe olfiictory nerve. Lastiy« the great 
circumference in which are found the external sur&ce ol' the 
convolutions belonging in particular to the terminations of 
the pyramidal fasciculus of the crus, and the internal surrnce 
of those which belong exchisivciv to the hbrous emanations 
ii om the perforated quadrangle, is destined by its tiouble re- 
iatioiib to a mixed purijose. It contains tlie anastoinoijis of 
the fibrous extremities ut the pyraoiids and of tlie fibrous ex<» 
tremities issuing Irom the penbrated quadrangle. 

The oonvolutoiary iadosnie of the fiesofe of Sylvius, to 
the extre fiisaral margin of which are connected the convolu- 
tions developed upon the pyramidal termination of tlie ciii% 
and with the fissural edge of which is combined the fibrous 
duplicature of the convolutions of the insula proceeding from 
that part of the border to which belongs the externnl root of the 
olfactory nerve, is tiestined. like the line of convolution which 
coui bc^ a!on<r ihe jrreat circumierence of the iienii^nhere, to 
conlaiii the anastomosis of the fibrous part^ belonging to the 
pyramidal convolutions with those which proceed from the 
border. They are thus in relation with the sensorial nerves 
of the brain, with the posterior pertsof the Gmi% uid with 
Ihe medulla oblongata. 

We might proc^ to describe the various groupa ANrmed 
by the two orders of ccnvoluticiis which we have now esta« 
blished ; but it must not be forgotten that our present object 
h )pcrely to give a socctnct idea of the principal results of 
our anntomical investigations. 

But I jiave as yet only pointed (uit a very trifling portion 
of the lihious layers intermcdinte between the nerves of sen- 
iialiuit ul the brain, and I sliall ininiediatelv jiroeeed to men* 
tion the other parts which unite with the hbious band aud 
the superficial quudrancle previously described. Each of 
these parts ferms» like the preeedii^ e cifide which timverms 
the ttimir pert of the crw cerebrii tome embfM^ 
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of the criM ombri UIm a kind of braeeii^ others HapMii i ^ ' 
from it in the greater part o€ their course, but alwajrs comkig 
back to unite nt their termioatioii with the white qttadraiigie 

<il' the fissure of" Svlvins, 

Setting oiT irom tlie cnis, the first ot these parts is the while 
«;tipprfTcial covering of the optic tbalamusi the libres of which 
are circular. 

The second is the taenia semicircularis, incomplete as a 
ring when considered alone, but completed by the (juadi angle 
with which it directly unites in front, whilst behind it joins the 
gfwt taberoiitj er tbe ooimlatiMi of the cam manMOB^ 
•ttaohed to the axtunal part cf the ■operfiaial qoadnmgla* 

Thirdly, the corpos itriatoin itidf Mmt hf its ^ray mttar 
alone a oompleta circie, or rather an ellipse, the interior as* 
tra-fentriealar part of which is covered bj the qnadraiigle eo 
oftMi mentionea. 

Fourthly^ lo the outer aide of the corpus atriatmi there is a 
fibrous circle, which surrounds it as the ttenia semicircularis 
compasses the optic thalamus. So far as i ImoWy tliis 
brous ring has not hitherto been described. 

Fifthly, the corpus fiinhriatum and the correspouduig hail 
of the fornix form likewise a complete circle with the fibrous 
layer of the fissure of 8ylvius. In the sixth place would 
come, if we had not belbre dei>cnbcd it, tiie wiiiie band oi iiie 
border. 

In the seventh and last plaoe» the two little benda sitosssd 
upon the oorpos ctlloswm eloee to the aaediaB Hne, tenni> 
nale^ lilte all the praeeding parts, at the anttrior and po^ 
lerior limits of the while perfantsd emftee iolHnal la the 

Ibsure of Sjflvius. 

The ootpas callosum itself is in intimate rslation with all 
diese conoentrie circles. Its particular disposition was de» 
scribed in a memoir which I had the honour of reading be- 
fore the Academy of Medicine at Paris in 18'25: bnt the death 
of Beclard, who was appointed to report on my paper, de- 
prived nie of the judgement which thiit iilustrious protesor 
would have formed. 

There is not, I believe, any communicaLiuu between the 
fibrous expansions of the inferior part of the crura of the op- 
posite sides of the brain. 

It appears to me that in man the anterior commissure only 
onitas those parts of the opposite sidss whtoh are oonnec i ed 
with the nerfws of sensation. The weiMmown 6et that in 
many mammilera this oomnissnre only stands on each aide 
to the dfiuitory nerves instead of reacbinf fttm one bami» 
sphere to the other^ adds ibrea to the opinion 1 eipfesi» dmt 
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ihm anterior oommiasm only vnitoi parts devotad to seiiia» 

tion. 

I shall not insist further on this anatomlcnl proposition, 
but if you will allow me briefly to add a few pbysioloffical 
deductions, I would say that the fibrous parts intermadiate 
between the internal surface of the convoUitions and the an- 
terior pyramids, appear to me to be simjilo conductors, ns 
well as those which unite the organs ot" sensation with the 
circumference of the gray substance of the convolutions; the*« 
transmitting to the muscles the iniiuenceof the gray substance 
which determines their contraction, whilst those convey ironi 
tha oigaiia of sania to the same gray sabttanca imprenlons 
mada on the snrfeoe of these orgpna 

The grey snbatanoa of the ooovolntions apfMara to ma to 
be the material •ubetratimi, by the intervention of which IJm 
will directs the movements of the body. For the last tsranty 
years lesions of this substance have lieen pointed to as those 
most frequently occurring in the insane, by those physicians 
who expect to iind in the brains of such ]iatients alterations 
corresponding to the characteristic symptoms of their dis> 
orders. 

Atrophy of the convolutions, so frequently seen in de- 
mentia, appears to me lo result from disu^t^ ol' the functions 
of the |;ray substance ; then the fibrous matter proceeding 
from this gray substance becomes atrophied also, iust as tha 
optic nerves ndl into a state of atrophy in the lilind. 

Pathological anatomy furnishes numerous examples of le- 
sions of the fibrous matter intermediate between the cortical 
substance of the convolutions and the anterior pyramids. 
Paralysis of the active organs of motion on tha opposite side 
is generally the consequence. 

The information afforded by patholofrical anatomy, relative 
totlio eflecis ol lesions affecting the hbrous parts intermediate ■ 
between the gray substance of the convoUitions und the or- 
gans of senbe, is not so clear, l ids owing, i iuiagme, to 
the communication in the median line between these fibrous 
parts of opposite sides^ and the ^reat number of these parts 
rendering the complete obstruction of the impressions they 
are meant to convey, difficult. 

Before summing up these conclusions, relative to the struct 
ture and office of some parts of the brain, I should like to say 
a few words on the relations which the study of the cranium 
establishes between different regions of this bony case and the 
corresponding regions of the organ which it incloses. 

If the two frontal eminences are divided horizontally by 
sawing on a plane perpendicular to their centre* and this sec* 
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tion is carried to some depth in the brain, the lateral ventri- 
cles nre opened by tlicir anterior exircinities, crich of these 
extremities terminating in a cuI-cIl' s;ic, answering to a frontal 
eminence. In the interval between tiiese two cul-de-sacs of 
the anierior extremities of the ventricles we reach tlie anterior 
curve of ihc corpus callosum. If we saw in the same way 
the two saperior occipital protnberBnees, we arrm at the po»- 
terior eKtreatrr of toe two lateral ventricks, each of tneM 
extremities ending in a hollow cone, answering to one of the 
snperior occipital depressions and eminences. Lastly, if the 
saw is made to divide the two parietal eminences at their siim- 
mitSy and that portion of the long vault intermediate between 
them, it leads to that part of the lateral ventricles which is 
the most spacious and projects the most outwards. It is in 
this part ot tlie ventricles that is situated, so to speak, the 
confluence of the anterior, posterior, and temporal regions of 
these cavities. The same section which leads from the pa- 
rietal eminences to that part of the lateral ventricles which is 
tlie most spacious and projects the most outwards, fiiUs in the 
interval of the two emmenoes and of the corresponding por* 
tiM of the irwtriekt upon iKMsrior iiwg^ 
cailosum. 

There exists on a level with the squamous portion of the 

temporal bone a depression in the interior of the cranium and 
a corresponding eminence, almost m considernble, on the 
outside. If wc cut throu^^h this etniticncc and tlie contiguous 
part of ibe brain at the same timey we open the ba^e of the 
temponil regiun of the ventricle. 

Now as there is notliing on the surface of the brain to ac- 
count for the cranial prominences of which I have just spoken^ 
it appears to me that we may very ftiriy consider mm as 
caused hy the shape of the cor resp oodbg regions of the ven- 
trides. This eondnrion is strengthened by comparing the 
form of these eminences with that of the portions of the ven- 
tricles corresponding to them. The irmital eminences are 
round, like the two cul-de-sacs forming the anterior extre- 
mities; of the ventricles. The occipital protuberances, and 
especiailv the depressions answering to them in the interior of 
the skull, are sharper, if this language is applicable to pro- 
tuberances ami depressions; and the greater acuieness of the 
posterior extremities of the ventricles in relation with thcj>e 
protuberances, is a ftct snffieiently notorious. Lastly, the 
temporal eminences are oUiqne in the same diiectioD as Um 
c o r r espon d ing part of the hollow of the ventildes. Bottho 
influence of the ventricular cavities, or of ^ serous sacs of 
the brainy ia not eonfined to the ibrmatiott of the dUKMrenl 
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pairs of eminences which I hafe jntt pointed ODl;il extends 
al^ to the form of theskaU In genera^ vhicfa, in it «on* 
tributes to determine* 

The different transverse sectioiis, which I haire sapposed to 

be mfide on a level with the centre of all ihese pairs of emi- 
nences un the median zone of the cranial vault, divide this me- 
dian zone into tour regions, alw.iys perceptible during life, and 
eacii ot theni preseiUuig an angular curve on the transverse 
line which separates it iVoiii tlie neiglibuuiing regions. All 
of them disphiy too an agreement in form and proportions 
with liie curredpouihiig region ol tiie euveiope ui tiiti ventficleSi 
which seems to me incontestable. 

The first region, comprised betwem the ftontal eminenoes 
and the inftrior bonndaiy of the forahfed» attewecsexdiisively 
to the Gonvointions de? eloped m front of and beneath the cor* 
pus calloBum, and preeents but a smali prolectian iiom above 
downwards, like the eorreBpondbs part of the ventricles. The 
lower pnjeetion on this part of Sie forehead does not always 
indicate a considerable development of the corresponding part 
of tiie brain. It may, in fact, be simply owing to the great 
size of the frontal eminencesy and in this case the fact may 
be ascertained by percussion. 

The second region, inchidctl between the frontal and pa- 
rietal eminences, always forms the largest division of the 
median zone of the cranial vault; it is arched like the cor- 
pus tallosum itself, and corresponds to the con vol ii lions above 
this body. Its size, compared with that of the other regions 
of tlie bony arch, bears the same projiortion to theirs, that the 
extent of the superior part of the corpus caUosnm does to 
the other fibfoos parts enveloping the serous cavities of the 



A considerable eminence is very oflen seen on the median 
line towards the centre of this region^ In the upper part of 
tlie OS frontis. This also appears to me, liiie all the other 
projections on the median line, to be owing to a tbidseniog of 

the bones. 

The third region, intermediate between the transverse sec- 
tion oi ihe parietal eminences and the superior occipital pro- 
tuberances, is scarcely ever convex longitudinally. It is 
mostly straight or concave in this direction. Frequently even 
it presents on the n)r(]iaii line a well-marked fossa. The 
compleie separation lor the two hemispheres at this part, the 
absence of the corpus callosum, lifted up as in the others by 
the fluid of the ventridesy and the superior concavity observed 
in passing from those parts of the ventricles covered by the 
corpus cdloenmi to those formed by a distmct fibrous cone 
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in each posUrior liait oi ilie iieniispheres, are in accordance 
with these peculiarities. To this region correspond the 
convolutions situated behind the posterior margin of the 
corpus callohuui ab lar liie po^iterior termination of the 
ventricles. 

Lastly, the fourth r^oo, aitnated in the iotarval bttwaan 
the superior ocdpital protubmooes and the upper corrad 
line of the occiput^ divides the latter into a madian cmiTex 
quadrangle^ and two lateral trianf|^e8» whose pointed summits 
terminate near the mastoid process. Now these triangles, 
instead of being convex like the rest of the median arch, al- 
most always prf^sent a plain or even concave surface. The 
depressed portions of iliese triangles correspond at iheir 
sharp summits to ilie insertioii ot ilic tentorium cerebeUiand 
the external part of the iambdoidal suture. 

In the temporal regions of the cranial arch, we always re- 
mark, on a level with the great wing of the suheiioid buue, a 
depression running upwards and backwards in the same 
direction as the fissure of S^lvuiS) to which it correqMnda. 
A right line drawn from the top of this depression towards 
the centre of the parietal eminence^ marks the course of the 
fissure of Sj^lviusy and allows us to measure, on the Uviiw 
subject, the comparative volume of cerebral substance situated 
in front, and of that behind, this fissure. 

Now the fissure of Sylvius, and the cranial depression 
answerij)<r to it at the fore part of the temporal fossa, are 
variously modiiied according to the inatlificutions of tiie ven- 
tricular hollow. The anterior and tenrporal regions of these 
cavities are separated by a large nervous mass which follows 
tlie crus cerebri. The fore part of the ventricle is enlarged 
above this mass and the temporal part of the ventricle be- 
low it 

The fissure of Sylvius, then^ forms the interval between 
two regions of the ventricle, the frontal and the temporal* 
and consequently the interval between the convolutions co- 
vering in these two distinct regions of the serous cavity. It 

ceases jibove, at the part where these refj^ions of the ventri- 
cular cavity unite into a common conflux. Its deepest ]mn 
is below, at the bottom of the widest interval between the 
frontal and temporal extremities of the ventricle. 

Thus the form of the brain, and that of the skull also, 
would seem to be determined in their general character by 
the form of the serous sacs inclosed in the bemisphere% and 
constantly filled with the fluid peculiar to them* 

This is not meant to imply ttiat the cerebral convolutiona 
do not exert any influence on the secondary shape of th« 



Digitized by Google 



Dr. Foville m ike Anakmy of the Brain. SI 



skull. So far from that, observation proves thnt when the 
convolutions are greatly developed, the skul!, thougli retain- 
ing the form that we have assigned to it, swells out in the 
intervening regions belwecii Llit; eminences corresponding to 
tlie extremities of the ventricles, so as almost to obliterate 
ihem ; or if they still remain very prominent, they acquire a 
▼ery great diameter. In this case* the he»d, modified bv the 
development of the convolutionsy acquires the cerebral fonn, 
par excdUnee, 

On the contrary, when the convolutions are but very Itttb 

developed, the prominences, and the regions separstin^ them, 
are all exceedingly well marked, whilst, at the same time the 
projections corresponding to the ventricular extremities have 
a very small diameter. The head then assumes, if 1 may be 
allowed to use such a tci m, the peculiarly ventricular form. 

The relations just now pointed out between the projecting 
points of" the skull and the correspotuling regions of the ven- 
tricles, appear blill further confirmed by observing what takes 
place in chronic hydrocephalus. One of the first symptoms 
of this dropsy of the ventricles is the increased salience of 
these cranial tumours. But I shall not pursue the details of 
the relations between the skull and the Drain anv further at 
present. 1 consider them useful in reference to what is called 
surgical anatomy, and also for all those cases which call for 
an exact knowledge of the relations between the skull and the 
brain. The subject has been pursued in a work of some ex- 
tent, which 1 intend before long to lay before the public. 

To sum up, I consider that the fibrous parts of the brain 
are conductors; some from without to uiihin, others from 
within to wilhutU. 1 believe lliat llie&c conLiucUng parts may 
be distinguished into afferentes and efierentes, ana that the 
distinct course of both the one and the other may he demmi- 
strated. The first are inserted especially into the ciroum- 
lerence of the gray substance^ and the second into its internal 
surface. 

The gray substance of the convolutions intermediate be- 
tween the two preceding orders of fibrous parts, seems to 
me to be the material sul)strnttim, through the instrumental!^ 
of which tlie will directs ilie movements of the body. 

The prominences constantly seen coupled in pairs on the 
arch ul liic skull appear to me to be prmhiced by the pro- 
jection of the corres})ondiiig regions of the ventricles. The 
median eminences, not universally present, appear to be pro- 
duced by a thickening of the hemes. 

The median zone of the cranial arch is naturally divided 
into four sections ; one» anterior, corresponding to the fore 
part of the corpus callosumi and to the conTolutions de-* 
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•veloped btim and bcneftth ikm 1ml of tba mm part oC 

tbat body. 

The second, more extensive, intermediate between the 
frontal and parietal! eminences, is ot a lenn^th proportioned 
to the extent from before to behind oi' tlie corpus caliosum. 
It ceases behiud on a level with the po^rior margin of thai 
body. * 

The third section, often concave from above to below, some- 
times even hollowed into a furrow on the median line, is pro- 
portionate in length to that of that part of the hemispheres 
completely sepantad» behind tbtt eorpys eallofam. 

Tlia fonrtfa Mctioiv intermediate between the eoperior oe» 
dpifal protaberaiioee taid tbe upper carved line of tfaa ea 
oodpittSi displays in its middle a projecting quadran^^ey 
ooirespondinff to the hinder extremities of the ventriclee» aad 
to the conToTncioQi aitoaled behind and beneath tiian ex- 
tremities *• 

March 90, 1840. 
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Bjf Jomm RxADE, MM. 

** SeUicet lat powsm corro il^gaoteeie recMun, 
Atque inter iiItu Academi qinerere Terum.**-«HoaAci. 

To the Biiiors of ike PkHaupkistd Magazine oMd JomnaL 

Gentlemen, 

AS the entire of the second book of Newton's Optics is 
based on the theory first nth nnceil by Dr. Hook, or 
rather by Mr. Boyle, that coiom s arc produced by the 
thicknesses of the plates,** supposiu'; your scientific readers 
well acquainted with that great philosopher's experiment-^, I 
shall immediately proceed with my own. Should these be 
capable ui explanation according to the Newtonian theory, 
I shall be ever ready to alter my opinions, and what at pre* 
sent I conceive to be legitimate inferences. Aware or the 
dlfficolties I have to encounter, and of the prejudices against 
everything opposed to a doctrine stamped with the name of 
Newton, and advocated by the most, celebrated characters, I 
hope for tbe Indulgence of my scientific readers. 

Experiment 1. Having made a permanent soap filmf as 
already described in your Journal f, and shown two years ago 
at the British Association at Liverpool, I placed the bottle 
on an inclined plane on the table until all the bands of colours 

• An able report on the mljeet of Dr. Fov9le*s rsievdMi Vm twcmidf 
been presented to the Academy of Sciences by Professor Blainvitle. It 
contains further discoveries luaide liy the Doctor with figMd to the or^ 

of the t'iglitli pair of nerves, 
t (Upd. aud Kd, Pkil. Mog. ToU xi. p. d7^,*£oii.] 
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had eypofmted aiMl tlM entife film become of a black ap* 
paarance, what Newton likened to a bole m hu bubble, 
trantmiuing almost the entire light. I now moved the bottte 
to and from me, and in a short time the entire film wat 

clothed widi silvery white, reflecting atoms, which soon 
formed into heniitiful bands of colours by means of cohesive 
attraction ; tc.r, as they formed nearly .sinuiltaneoiibly, they 
could not be produced by a descending fluid, causiiig relative 
thicknesses; but perhaps it may be sniil, r hat the film was 
thickened by evaporation of the saponaceons fluid. To ob- 
viate this objection, I made the ioliowing ucw, and I presume 
to hope, conclusive experiment. 

BgpeHmeni 2. Having proeiral a eyliiidrical glass tube, 
about one inch in diaowtari I dipped ona end to the deptb of 
ihree incheainto a saponaoaoua swatiott and Ibroied afiloif 
wbichf when the tube was beld perpendicularly, glided down 
three inchca. I now corked the upper orifice, to prevent 
further descent* and laying the tube on the table, in a short 
time the bands were formeo ; when these disappeared, and the 
film was black, I shook the tube from side to side, and in 
a short time the black changed to a silvery white, and then 
formed into bands of different colour^. On placing it again 
on the table the film aj)peared all over black. Here ilicre 
could be no thickening of the plates by evaporation, as the 
air was at the bottom of the tube. This i xpi riment, easy of 
manipulation, I hope may be csteenictl conclii ive, or, as Sir 
Isaac Newton calls il, an " cxpcrimcntuin aucisJ* As my 
ex|)erinic'aL^ arc now shown in lecture-rooms, I am anxious 
thatthey should be accompanied bv legitimate inferences, par- 
tictthtrly aasome observations macle by a Dublin Professor at 
Liverpool, prevented an explanation which I now give. 

BxperimetU 9« Having procured a plate of very deep blue 
glass* four mches square, 1 wiped it well, and then breathed 
on it through a narrow glass tube^ forming n plate of vapour, 
which^ by evaporation, went through all the relative thick- 
nesaes measured by Newton, without any variety of colours* 
I now breathed a second time on this |)latc, and drew my 
finger across the middle so as to make furrows in the plate of 
vapour; immediately all the variety of colours in natme was 
formed, like threails of variegated silk. This experiment 
evidently shows that the atoms were relativel}' approximated, 
and that it was this approximation, and not any relative thick- 
ness of the plate of vapour, which caused the coloin s. 

Ejcperivicnt 4. On repeating the expenment>) of the Abbe 
Mazeas, ^^MSmoires presentes" with two pieces of plane glass, 
he justly remarks, that frietion b necessary in the lormation of 
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coloured r'm^%. Now it is evident that friction cannot alter the 
thickness of a plate of air, but must bring into view some sub- 
stances capable of condensntitm ; and tlierc is notjiiii^^ mixed 
with the air capable of sndi coiulonsaLiun, except vajjoiir. I 
therefore must attribute llie colours to this cause. Cotlvinceti 
that vapour was the cause, 1 improved on the Abbd Maz^*s 
experiment : fory on waihing one of the pktes of glass with 
Boap and water, and holding it before the fire^ then breathing 
on the other, by means oT a alight degree of friction I oo- 
loured the entire glass, with a hirge black spot in the centre 
more than an inch in diameter. When this black spot waa 
formed, the glasses were so firmly united as to require a strons 
force to separate them. This I attribute to the air being pressed 
out, and then the glasses acted in the same manner as a leather 
soaker used by scliooUboys, and not to any cohesive attraction 
of the surfaces, as supposed by chemists. I coated the glasses 
witli a plate of water, and on pressing them together no co- 
lours appeared, until by a biroug degree oi iViciiuu 1 proiluced 
vapour. I also smeared the glasses with some candle-grease, 
and foond no colours, until I held the glasses to the fire, 
when, on using friction, vapour and colours were produced. 

Atomic Theortf of Colours. 

Having endeavoured to prove, I hope with effect, that 
colours are not produced by relative thicknesses of the plate, 
as advanced by Sir Isaac Newton in the second book of his 
Opiics, 1 shall })roceed to give what I conceive is the true 
explanation of this interesting pha-Mionicnon. Grimaldi and 
others maintained that iighl was capable ol coiidensatiou aitd 
rarefaction. However, as they brought forward no experi- 
ments to prove it, I think it unfair to say that I took niy 
theory from that celebrated philosopher. If we hold a candle 
before a black shade made with a pencil or any other slender 
and opake substance, and hold Uie paper sideways to the 
window, two shadows are formed, the one blue from the 
candle, the other brown from tlie dayliglit. Now this brown 
shadow can be changed to an orange by approximating the 
candle; a ta yet nearer distance the orange becomes a perfect 
yellow, and when very close the colour entirely disappears, 
or the light of the shadow becomes rarefied into perfect trans- 
parency. The blue in like manner uiulergoes rarelacLioii 
anil change of colour, from a blue to a purple i and when the 
candle is very near the coil of paper, the shadow becomes black, 
because then there is but one light, that of the sun. To arffue 
that the shadow is a mere privation, would be Co say that 
brown, orange and yellowi blue and purple were privations: 
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rgreen was made by overlapping the blue and vellow shadows.) 
Sirdf ) if it were a mere pnvation, the Ifdit of the candU 
oould only illtumnate ths black shaidow and laake It whita» 
Howevrr^ the (act is, that the black shedow is condenied 

light» and rarefied into difibrent coJoura. If we suppose a 
Qun il ior of grains pf shot to represent the soap atoias> placed 

at difierent distances from one anotbeTi and represented by 
Of a\ a^. o^, &c., 3cct the light passes diroQgh tboee sod is 

reflected from the second surface, and gives, when variously 
condensed, this or tliat colour, according to the approximation 
of these atomsi and not the thickness of the phUes** 

Aueniing and Dneending CSirrenh in a Soap FBm. 

On making a soap film I placed it on an inclined plane, 
and perceivca die coloured bonds to descend slowly, and in- 
creasing in breadtl^ nndl at last the attracdoa of cohesion 
lost its uifloence» and the atoms became free and ascended m 
cnnents, particularly at the concave sides of the botde ; as they 
rose generally white atoms^ they passed through the coloured 
bands, undi after passing through blue^ re<I, greeOf he* they 
feU into the ranks of their own colour. In boiling water we 
perceive currents by means of powdered resin, or other light 
substances, evidently caused by an addition of caloric. Here 
there is no such acfdiiion, and we must look to some other 
cause, perhaps electricity. Sometimes these atoms take an 
elliptical or circular motion ; this is best seen hy placing the 
bottle with the plane fdm on the table and Mirrounding it 
with the warm hand ; as the room was at 60° and my iiaiid 
at 80°, I threw 20 into the film. Here there can be no 
differences of thickness; however, almost simultaneously, the 
Ibrce of cohesive attraction forms the coloured bands, and 
when the film becomes whiter then these beaotiful and in^ 
teresting movements take place* How far these hiws may 
act on the solar system* I leave to the contemplation of the 
astronomer. All fluidi are in perpetual motion, from the 
broad Atlantic to the permanent soap film; and hereafter I 
shall be enabledf by some new experunenU^ to show that the 
same laws regulate the atmosphere* 

Colottrs of the Clouds and Ompiementary Odrntrs, 

Whtii ihe soap film was entirely black, after remaining 
perhnps an hour on the table, I placed the bottle in a basin 
of boiling water^ and in a short time perceived the iiim to be 

* Count Rumford, as well as others, made many esperiments on co> 
loured r^haciows, bnt entirely overiesksd Ihaie chaafMi ailaiC|in dtipihri 
he says, it wm a dgetfth odUi, 
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clothed with white reflecting atoms; some of these soon 
changed to a purple, blue, orange, &c., and when the bottle 
was placed on an inclined pji^ne the coloured bands were 
ibrmed, broad and vivid. To asoettain whether the bands 
of colour were similar by transmission and reflectioni I held 
the film above a lighted candle^ at an angle of about 45% and 
perceived exactly the same coloared bands, and not any com- 
plementary colours, "magnis componere pnrva." Wc must 
attribute the colours of the clouds to the approximation of 
vaporific atoms, and not to difTbiciit-si/ed j^lobules of water. 
It is an interesting object of intjuny, to say why the black re- 
flecting atoms at great distances, should by heat or a^^iUiLion, 
approximate to K>rin white or bauds of colour* We may* 
hypothetical ly, surmise that these atoms are spherical^ and 
are enlarged by caloric, in the same manner as air in a bal- 
loon or bladder; or we may suppose thaty by agitation^ &C.9 
they become oblate spheroids. 

Nothing is more surprising than the permanency of this soap 
film. In a few seconds Newton*s bubble bursts, and conse- 
quently hindered him from making deliberate observations ; 
but now that we have one which lasts for months, can be 
washed and renewed, an inferior mind may investigate the 
phtenomena of light and colours with inoie success tlian even 
that great philosopher, in the infancy of experimental science. 
Indeed, every new experiment opens a wider field for re- 
search, and 1 am sanguine enough to think that the perma- 
nent soap film and the newly invented iriscope may produce 
interesting discoveries. With intent to ascertain this perma- 
nency, I formed two films with a similar saponaceous mixture, 
in equally-sized bottles ; the one was corked, the other open, 
and consequently exposed to tlie action ot th»' atmosphere; 
in a short time the open one broke, the otlier remained 
for weeks. I therefore inferred that the film broke from the 
vaporific action of the atmosphere. Tliat it was not Iruiii 
pressure, 1 proved, by putting in a very long cork, so that 
the pressure micht be increased; nor was it mm agitation, • 
as supposed by Newton, for in washing the film it was well 
shaken; neither could it proceed from any chemical action, 
as I made the film in vacuo. I remarked that a film formed 
on the mouth of a wine glass remained a long time when 
tlie atmosphere was heavy and charged with vapour, whereas 
of a dry day it speedily bur^t. I hence infer that the air in 
a corketl bottle becomes saturated with vapour, and thus that 
e\ a|)<)r:iUou is (hniijii?.hed. I shall now sum up the fore^oini^ 
arguments, to show that the colouib do uut proceed iruin re- 
lative tliicknesses. 
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and an Tkin Plaies* S7 

1. Tiie baiuli) form simultaneously, or nearly so. 

2. Plates of grease, water, vapour, ^o tliiougli all the 
thickiiesses without colours; but as soon as friction forms 
vapour, or the finger approximates the atoms, colours ap[)ear* 

8. By holding the bottle to the fire, or even by the heat 
of the band, circular currents of red, whiter blue, rise in a 
green field ; and, at all tinei^ coloured atoms are both as- 
cending and descending, contrary to gravity and thickness, 
the bands increase in breadth as they descend. 

4. To end. I have succeeded in making a Rim sufficiently 
thick, with sonp, as to counteract cohesive attraction, yet suf- 
ficiently thin to evaporate without undergoing any change of 
colour. 

The following diagrams give the diiferent stages of the 
atomic theory oi colours. 

Fig. 1. 




In fig. 2, how can different thicknesses produce three- 
fourths of the film white? In fiij. 3 there is a very small 
segment of white at the bottom, and by shaking the bottle 
the entire film becomes white, and then forms into chronuilic 
bands. The best method of seeing these minute saponaceous 
atoms forming colours, is to shake fig. 2, when atoms no 
larger than the point of a pin are diffused in the black, and 
after a time are seemingly dissolved in the black atoms, just 
as when a lanp of white sugar Is dissolved in hot water; 
at first the solation b donded, and then the saccharine atoms 
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become as minute as those of the water, and equally semi- 
transparent. A candle held before fig. 3 is faintly reflected 
from the second surface, as there is no actual contact of atoms 
in nature; nil substances, even tlie hardest metals, are porous. 

In my next communication I shall give a iheory of the 
Iriscope^ compared with Nobili's rings. 

I remain, Gentlemen, 

Your obedient servant^ 
Lomliw, Jone 8^ IMiL J. RsAinB, M.D. 



VL On the Form and Optical ComtaiUs of Nitre, Bif 

Professor Miller*. 

^r^HE following values of the angles between normals to the 
A several faces of nitrate of potash are calculated from means 
of the best measurements of a large number of crystals at a 
temperature of about 19° centigrade. The close agreement 
of tne results aflbrded by different crystals, renders it prob<i- 
Ue that the errors of the concluded angles do not in any case 
exeeed half a minute. 



Fig.l. 



Fig. 2. 





M$' 109 0 
65 41 

45 50 
oy 54 1*5 

In twin crystals having the twin axis perpendicuUur to one 
of the faces m (fig. 2). 

The pmoMton m nmetifely proportioiMl to the awn* 
bert t^BBt 1-4S5S| l*70Ba. 

The deaf age inoit eisilj obtained Is parallellD the fives p. 
WheD the tempeMtatre of 4fae erystsi ie inoreneed 100° Gw 
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the angle between nonnaU to the fanes p ^ increases about 
mwf does not perceptibly change. 
The symbols of the simple forms are 

* {100}, I {010}, o {001}, y {lll}» 

P {101}» « {201}, {1U2}, W{110}. 

No other forms were observed. 

The optic axes lie in a plane parallel to the face /, and, in 
air, appear to make with each other an angle of 8" •jtO'. The 
nnnimum deviations of the brightest rays of tlie spectrum 
refracted through the faces w, are 24° 1 5' and 38^ 19', 
for light polarized in })lanes respectively perpendicular and 
parallel to tlie intersection of the faces m, nr. Hence die 
velocity of the brightest rays of the spectrum in air divided 
by the velocities wiibin the crystal, will be 1*5052, 1*5046, and 
I'SSS, for rays in planes parallel to A, ( polarized in those 
places respectively. 

St. Joln'f Goitflge^ Cambridge, June 4tii, 1840. 

VIL ObserwUiofis on Mr. Smith's Experimenls on Fermetua' 

Hon. Bjf R. Hioa, FMJi. 

To the Ediion of ike Philotophieal Migassine and JmtmaL 

Gentlkmen, 

T^HE reading of Mi . Denham Smith's paper printed in the 
* Number oryour valii;ib!e Periodical tor March, entitled, 

Observations on the supposed Formation of Inorganic Ele- 
ments during Fermentation," induces me to ask the fa- 
vour of saying, through the same publication, that m the abs- 
tract of my paper on that subject, which is nolioed bv that 
gentleman, the increase in the quantity of earthy and alkaline 
matter therein mentioned, does not apply to the original 
quantity contained in both the refined sugar and the yeast 
employed in my experiments, hiu to that in the former only. 
The latter previous to iisirif; being dLjuivcd of its soluble 
matter by repeated washings in cuici uater, loses very little, 
if any, ot its solid materials when employed in promoting the 
vinous leraiuuLation. 

It may be added that the circumstances which I have found 
most favourable for the formation of these bodies during 
this chemical action on refined sugar, are when the sugar at 
the commencement forms about 20 per cent, of the weight of 
the mixture, and when about nine-tenths of this dissolved 
body has undergone deoorapositigii by a quick process, the 
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experiments being kept under slight pressure aud at an 
equable temperature of near 70° Falir. 

Mixtures of this kind conducted through the tiboos fer* 
mentation in silver and china vessels always aflTorded a larger 
quantity of ashes after evaporation and calcination than those 
made in |^ass apparatus. But upon the proportionate in- 
crease by this process in any experiment^ we can speak at the 
outset with as little certainty as upon the height to which 
any plant will grow when the seed is first planted. One of 
the features which I have always fount! to accompany their 
iormaiioii is nn increase in colour, which colour ai^nin disap- 
pears when they un(ler«^o decomposition by ihe putrefactive 
fermenlaLiun and have annnonia as a product. 

I have found the quantity to vaiy with almost every cir- 
cumstance, even in experiments made with ilie same mixture, 
from litde or no Increase to that of twenty times the weight 
of those included in the sugar experimented upon. My ex- 
periments made with solutions containing about ten per cent, 
of their weight of sugar (the strength employed by Mr. Smith) 
rarely gave more than an appreciable increase upon the ori- 
ginal quandty^ except when the fermentation was conducted 
very quickly. 

The ashes were obtained by evaporating and burning over 
a spirit-lamp without ihc aiidition of any foreign agent, the 
materials being in an cipen platinum vessel. 1 neir quantity 
was determined by weight as a whole, with the addition of 
their })()wer of neutralizing acids as regards their alkaline 
property. 

Walworth Road, April 14th, 1840. 



VIII. On hureming the JUght of a common Argand Lamp* 

By C. HoLTKOUSB, E$q** 

To the Editors of the Philosophical Magazine and Journal, 
Gentlemen, 

ILTAVING seen in the Number of your Magazine of March 
^ last, a letter from Sir J. Herschel, " On a simple mode 
of obtaining from a common Argand Oil Lamp a greatly in- 
creased quantity of Light,** I take the liberty of sending you 

a few observations of my own on the same subject ; they are 
mostly corroborative of what has been advanced by llio di- 
stingiiibiitd philosopher before alluded to, and if yon lliiuk 
them worth insertion they are very much at your service. 

• Communicated bj the Author. 
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■ 

The sisse and brilliancy of the ffame in a corotnoo Aigand 

oil laniji depend chiefly upon the shape and dimensions of the 
glass chimney, and its position in relation to the ilitnie ; but 
as the contrivances which render the latter more brilliant at 
tlie same time dimi^ii^il its bulk, there is a limit, beyond 
which we cannot increase the brightness wiihuuL diminishing 
tiiu illuiuinatiug power ; the increase in brilliancy not com- 
pensating for tbe diminished bulk of thie flame. Sir J. Her- 
scbel has not told ns what is the diameter of bis Argand 
burner, or the diameter and form of his glass chimney ; but 
from the description he has given us of his method of |Nro- 
dueing a greatlv increased quantity of light, I presume he 
must nave usecf <»e of thofie chimneys which are commonly 
employed only for gas lamps, l)einj» a simple cylinder about 
nine inches long, and of cqunl diameter throughout. But this 
kind ol' chimney is ill achijncd for enlivening a (lame, and 
seems increly to serve for protecting it against curreiUs of 
air, aliliough, when employed in the manner recommended 
by Sir J. Herschel, its oflicc is reversed ; it, becomes a mean of 
increasing the intensity of combustion, but serves no longer as 
an eflfident protector: and in this latter remct it is imperlect; 
for admitting the advantages which arise from the increase of 
l%hty still these can only be availaUe while a lamp is at rest: 
the instant it is moved the flame must necessarily impinge 
against the walk of the chimney, at the great risk of breaking 
it, and with a certainty of smoking it. But an equal degree of 
light, nnd not subject to the iiiconvenience just mentioned, 
can be obtained by one of the chimneys oril manly made use of 
in the common table lamp, which consists of a base or larger 
cylinder, upon which the pillar or smaller cylinder is ioincd 
by a horizontal part, termed the shoulder; upon the neight 
of the pillar of this chimney, the prop6rtion of its consti- * 
tnent parts to each other and to the bomeryand their positiim 
in rdation to the latter, depend the efficient burning of the 
]amp. 

And first with reference to the heigkU The most obvious 
eflect of lengthening a chimney is» to render the flame more 
flickering and unsteady, at the same time its brightness is 

slightly increased, and its bulk diminished : the larger the 
dinmeter of the chimney compared with the buniLi , the less 
marked are these changes. On lengthening a chinmey whose 
pillar had a diameter of 1 J inch, to three feet, and placing it 
on a lighted lamp, wejl turned on, whose wick had ^ of an 
inch diameter, the flame immediately split into several small 
flickerinff cones, the largest of which was not above five or six 
lines in oeight; as the chunney was shortenedi so did the 
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flame in the same proportion become steadier and more uni- 
form, till at seven inches, which was the length of the pillar 
of this chimney, it was as steady as could be de<?ired. One 
fact was strikingly obvious during this experiment, viz., that 
tlie increase of brilMancy was by no means coniinensurate 
with the loss ot light occ;isi()nea by the smalkr bulk and 
great unsteadiness of the (lame. From several trials with 
chimneya oi variuusi lengths, I should say tliat a seven inch 
pillar, for an Argand burner of the ordinary size» is wdl 
.adapted for givitig brightness, and at the same time steadi* 
ness» to a flame. 

To ascertain the best diameter for the ohlmoey, eight pieoes 
of tin were procured, each two inches square, and having a 
circular aperture in their centre, varying from one and a half 
to half an inch in diameter; these, by turns, were fixed to the 
moveable stage of a microscope, and then placed directly ov&t 
the flame ot a lamp, so that the centre of the circle of the Ar- 
gand burner should correspond with the centre of the circular 
aperture in the tin; a simple* glass chimney being now placed 
upon the tin, the whole ap[)aratus was lowered till the flame of 
the lamp passed througli the aperture in the tin. By trying the 
different sizes one after the other, we were able to decide upon 
that which gave the greatest d^ree of illttDiinafion» and by 
raising and lowering the apparatus orer die flame^ the best 
height from the level of the wiclt for obtaining the greatest 
light was determined* The following are some of the results. 
The size of the flame was in a direct ratio with the siseof the 
aperture in the tin, but its brilliancy was in an inverse ratio; 
in other words, tlie flame diminished in size hwi increased in 
brilliancy as the aperture through which it had to pass was 
lessened. The eiiect produced by chuuneys of diflereni ilia- 
meters, but of eriiml length, provided the aperture in the tin 
over wliitli they were placed remained the same, was so tri- 
fling, that it was scarcely appreciable : the diauieter oi the 
aperture in the tin being, for instance, one inch, and that of 
the chimney the same, no material alteratioo in the brilllsiicy 
or balk of tne flame was produced when A diimnev of doam 
the diameter was substituted for it I need hardly observe^ 
that the diameter of the chimney most not be less than that of 
the tin. I said at the commencement of this letter, that there 
was a limit beyond which we could not incraase the brigbl> 

* When I apply the term mpteio a chimney, I wish to be underttood 
w cpealdng of tnofe c)'linder& of unifonn diameter from end to end ; those 
composed of two parts* I shall* to prevent unnecesMiy tautology, dengnate 
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ness of the flame without diminishing its illuminating power. 
I am not at present prepared to say where this precise point is; 
but I can assert, without fear of contradiction, that an aper- 
ture of one and one-eighth of an inch diameter, for a lamp 
whose wick is seven-eighths of an inch, is a size well calcu- 
lated for giving a great degree of brilliancy to the flume, 
without materially diminishing its bulk. We come now to 
the eoDsideritioii of the beit height for placing the plate of 
tin above die wiek of the hmp; this appears to be firmii two- 
eighths to thfte-eigliths of an fiich» which is that specified 
^ Sir JL Hersehdy supposing his burner to have an inch 
dSaoMler ; when we go below this the flame becomes brighter, 
less coniform, and shorter; the continuity of its circle is inter* 
rupted ; chasms form in it, producing the appearance of so 
many distinct flames ; and when the tin has reached the level 
of the wick, the lamp is well nigh extinguished. Sir J. 
» Herschel, in describing the effect produced on the flame by 

raising and lowering the chimney, has suggested that it would 
be an improvement were our common lanjps provided with a 
mechanism for this purpose ; this has actually been done on 
mithisnty and hi thb coontiy bj Mr. Samuel Birker of 
Piecadilly, the flame of whose holnnU lamp Is reffulated en* 
tirely br raising and lowering the chimney, the mdk remain- 
ing stamwry. Now if a number of glass chimneiys be made, 
the dfameter of whose pillars shall be the same as those of the 
apertures in the tin, and these be suspended oter the flame with 
their narrow end downwards, we shall have the same result: 
but if, instead of this, they he placed in the usual manner on 
their support, the large end lowermost, we shall still have 
precisely the same result, provided the commencement of the 
pillar bear the same position, in reference to the wick, as the 
. upper end did when suspended over it. The diameter of one 
moi aod an eiehth, which I hate nmned as a good she Ibr 
ha?tng the pilur of the chimney, is eligible likewise on an- 
other aocoont; there Is less danger of its beeoming smoked, 
to which it would be very liable were it of smaller dintCD^hnis 
than that just speoified* The base of the chimney may 
be an inch and tliree-quarters or two inches in diameter, and 
its shoulder should form a right angle with the level of the 
burner, about half an inch above it. This is a form of chim- 
ney which I have proved to be well fitted for giving a degree 
of light very superior to what is seen in Argand lamps having 
the ordinary sized chimneys. Dr. Ure, in a very interesting 
paper read before the InstituUon of Civil Engineers in June 
lairtt eeems to give the preference to chimneys with loiinded 
ahcolders; these certamly give greater steadiness to the flemi^ 
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and if I he l ight is equal to that afforded by ibe rectaoguliif 
sbouldcred nnc«, they should be preiei red. 

One more jjouit, which was barely touched upon by Sir J. 
Herschel, yet remains to be decided: Is this superior splen- 
dour ol lilt' llaiue aticndcd by an increased consumption uf 
oil? If we reasoned from analogy, we should certainly 
reply in the affirmfttiTe; intensify of combustioii being ever 
attended with oorresnondin^ consumption of the combustible 
material. Bat to place this beyond a doubt» the following 
experiment was undertaken. Two Argand lamps, having 
wicks and chimneys of the same diameter and length, and 
furnished with the same kind of oil, were placed in a pair of 
scales, each at an equal distance and elevation from the centre 
of a sheet of white paper pasted on the wall. On being lighted^ 
the flames were regulated til! tlie shadows cast by a small 
ruler had an equal depth; when this had been fairly deter- 
mined both by myself and others, weights were put into tlie 
stand containing the lighter lamp, till the two exactly ba- 
lancetl each other. The chimney was now (juiclily removetl 
from one of the lamps, and another substituted for giving a 
clear white flame, the time being at the same moment noted: 
they were allowed to burn for forty-two minutes, and were then 
simultaneously extinguished. At the expirationof this time,'the 
lamp bnralnff with the bright flame bad consumed 100 grains 
more than the other. The experiment being repeated^ but 
with smaller flames, the increased eonsuropUon of oil in the 
bright burning lamp was 50 grains. Whether this greater 
expenditure of oil is balanced by the increased degree of 
illuminationy and the solution of some other interesting ques* 
tions connected with tliis subject^ I shall reserve till a Ihlure 
period. I am^ Gentlemen, 

Your obedient Servant, 

1^ Keppel Street, RusseU Square^ C Holxhou&s. 

April 11, 1840. 



\yL* A Jitter to Prof. Faraday, m certain Theoretical Opi- 
nions, By R. Bare, li.JD., Ff^euor ^ CkmUiry m ike 
UtiiversUjf of Pemu^wnia 

Dear S1119 

1. T HAVE been indebted to your kindness for several 
X pamphlets comprising your researches in dectricityi 
which i have perused with the greatest degree of interesL 

• From b)lliinnn's American Journal of Science and Arts. Vol. 38, No. I. 
[We have takeu the liberty of nuinbcring the pan^graphs of Dr. liare*s 
letter.-^.] 
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2. You must be too well nware of the height at which )'ou 
stand, in the estimation <^ men of science, to doubt that I en- 
tertain with diffidence any opinion in opposition to yours* 
1 may say of you as in a former instance of Betzelius, that 
you occupy an elevation inaccessible to unjustifiable criticism. 
Under these circumstances, I hope that I may, from you, ex- 
perience the candour and kindness which were displayed by 
the great Swedish chemist in his reply to my strictures on his 
nomenclature. 

3. I am unable to reconcile the language which you hold 
in paragraph 1615, with the iundamenial position taken in 
1165. Agreeably to the latter, you believe ordinary induc- 
tion to be tlie action of contiguous particles, consisting of a 
snecies of polarity, instead of being an action of either parti- 
cles or masses at sensiUe ditianeetJ' Agreeably to the 
former, you conceive that assumina that a perfect vacuum 
was to intervene in the course of the Tine of inductive action, 
it does not follow from this theory that the line of particles 
on opposite sides of such a vacuum would not act upon 
each other.'' Again, supposing it possible for a positively 
electrified particle to be in the centre of a vacuum nn inch 
in diameter, nothing in my present view forbid'- tliat the 
particle should net at a distance of half an inch on nil 
the particles forming the inner superficies of the bounding 
sphere." 

4. Laying these (juotalions before you fur i econsiileration, 
1 beg leave to inquire how a positively excited particle, si- 
tuated as above described, can react ** inductrically" with 
any particles in the superficies of the surrounding sphere, if 
this species of reaction require that the particles between 
which it talces place be contiguous. Moreover if induction 
be not ^* an action either of particles or masses at sensible 
distnnces,** how can a particle situated as shove described, 
*• act at the distance of half an inch on all the part ides ^fojining 
the disk of the iiuicr yiiperfcien of the hounding sphere?** What 
is a sensible distance, it half an inch is not ? 

5. How can the force thus exercised obey the " well-known 
law of the squares of the distances," if as you slate (1375) the 
rareliiction of the air does not alter the inletisitv of the in- 
ductive action? In proportion as the air is rareiied, tio not 
its particles become more remote ? 

6. Can the ponderable particles of a gas be deemed con- 
tiguous in the true sense of this word, under any circum- 
stances? And it may be well here to observe^ that admitting 
induction to arise from an affection of intervening ponderable 
atomsy it is difficult to conceive that the intensity of this af« 
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fectaon will be inversely as their number as all<ffod hf you. 
Ko such law holds good in the commuiucation ofneat. jlie 
air in contact with a surface at a constant devation of teni* 

perntiire, such for instance ns might be supported by boiling 
water, would not become hotter hy being rarefied, and conse- 
quently could not become more eOicacious in the conduction of 
heat from the heated surface to a colder one in its vicinity. 

7. As soon as I commenced the perusal of your researches 
on this subject, it occurred to me that the passage of electricity 
through a Tucuanit or a highly rarefied inedinniy as demon- 
strated by various experiment^p and especially thoee of Davy» 
was inconsistent with the idea that ponderable matter could 
be a necessai'v agent in the process of electrical Induction. 
I therefore inferred that your efforts would be primarily di- 
rected to a re-examination of that question. 

8. If induction, In acting through a vacuum, be propagated 
in right lines, may not the curvilinear direction which it pur- 
sues, when passing through dielectrics," be ascribed to the 
modifying influence which they exert? 

9. If, as yuu concede, electrified particles on opposite sides 
of a vacuum can act upon each other^ wherefore is toe received 
theory of the mode in which the excited surface of a Levden 
jar iniduces in the opposite surface a contrary state, objec- 
tionable ? 

10. As the theory which you have proposed, gives great 
importance to the idea of pofarity, I regret that you have not 
defined the meaniti^? wliich you attach to this word. As you 
designate tlint to wliicli you refer, as a "species of polnriiy,'* 
it is pi cMiinahle that you hnve c<)nceived of several kinds witb 
wliicli puutU I able atoms may hv endowed. I find il diilicult to 
conceive of any kind which may be capable of as many d^rce^a 
of intensity as the known phenomena of electricity require ; 
especially according to your opinion that the only diflerence 
between the fluid evolved by galvanic apparatus and that 
evolved by friction, is due to opposite extremes in quantity and 
intensity ; the intensity of electrical excitement producible by 
the one being almost infinitely greater than that which can be 
produced by the other. What state of tlie poles can consti- 
tute quantity — what other state intensity, tlie saiiR' matter lac- 
ing capable of either electricity, as is well known lo ha Lhe 
fact? Woulfl it not be well to consider how, coiisisiently 
with any conceivuble polarization, and wilhoui the a^^iisiance 
of some imponderable matter, any great difference of intensity 
in inductive power can he created 7 

11. When by friction the suriace is pKolanaed so that par- 
ticles are brought into a state of conrtraint from w)iich they 
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endeavour to return to their natural state, if nothing be su-* 
peradded to them, it must be supposed that they have poles 
capable of existing in two different positions. In one of these 
positions, dissimilar poles coinciding, are neiitrnlized ; wliile 
in the other position, tiity are nK)re reoiotei and coo&equeoLl^ 
capable of acting upon otlier matter. 

12. But Iain unable to imagine any cliange which can ad- 
mit of gradatioiib oi iiUcUbity, increasing with remoteness. 1 
cannot figure to myself any reaction which increase of distance 
would not lessen. Much less can I conceive that such ex- 
tremes <^ intensitjr can be thus created* as those of which you 
consider the existence as demonstrated. It may be suggested 
that the change of polarity produced in particles by electrical 
inductionSi may arise from the forced approximation of reci-> 
procnlly repellent poles, so that the intensity of the inductive 
force, and of their eflfbrf to return to their previous situation, 
may be susceptible ol tlie gradation which your electrical 
doctrines require. But could the existence of such a re- 
pellent force be consistent with the mutual coiiesion which 
appears almost universally to be a property of ponderable 
pertides ? I am aware that, agreeably to the ingsnlons hv* 
potbesis of Mosaotti'Cy repulsion is an inherent property of the 
particles which we call ponderable; but then he assumes the 
existence of an imponderable fluid to account for cohesion; 
and for the necessity of snch a fluid to account for induction 
it is my ultimate object to contend. I would suggest that it 
can liardly be expedient to ascribe the plwenomena of electri- 
city to tlic polarization of ponderable particles, unless it can 
be shown, that if admitted, it would be competent to produce 
all the known varieties of electric excitement, wliether as to 
its nature or energy. 

IS. If I comprei iiend your theory, the opposite electrical 
state induced on one side of a coated pane^ when the other ia 
directly electrified* arises from an affection of the intervening 
vitreous particles* by which a certain polar state caused on 
one side of the pane^ induces an opposite state on the other 
side. Each vitreous particle having its }K}les severally in op* 
posite states, they are arranged as magnetized iron filings in 
lines; so that alternately opposite poles arc presented in sucli 
a manner that of all one kind nre exposed at one surface, 
aud all of the oiht r kiiit! at tlic oliicr jsui lace. Agreeably to 
this or any other iuiaginubiu view uf the subject, 1 cannot 
avoid considering it inevitable that each particle must have 
at least two poles* It seems to me that the idea of polarity 

* [jBee Seientiflc Meoieirii vol. i«> p, 448.oEdit.] 
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requires that there shidi b« in my hoAj pnimwmi^ it, two 

opposite poles. Hence you correctly «Ji|^ tbat amis«Uy 

to your views it is impossible to charge a portion m matter 
one electric force without the other. (See par. H??.) 
But if all this be true, lu)\s can there be n " positively excited 
particle?* (See par. 1616.) Must ruit every particle be ex- 
cited negatively, il it be excited positively Must it not have m 
negative, as well as a positive pole? 

14. I cannot agree with you m the idea, that consistently 
with the theory which ascribes the pha>nomena of electricity 
lo ooe fluid, there can eter be ea isohited existence eiiiier Jf 
the potitiYe or negative sCete. Agreeatilj to thb theory, any 
excited space, whether minus or plos, must have an a^foinii^ 
space relatively io a different state. Between the pbewonena 
of positive and negative excitement there will be no othw 
distinction than that arising from the direction in which the 
fluid will endeavour to movcu If the excited apace be posi» 
tive, it roust strive to flow outward ; if negative^ it will strive 
to flow inward. When suflrcientiy intense, the directiim 
will be sfiown by the greater length of the spark, when 
passinir ln)in n small bfi!l to a large one. It is alwavs longer 
when die small bail is positive, and the large one n^^v^ 
tlian when their positions are reversed *. 

15. L>ut for any current it is no less necc^sarv that the 
pressure slioukl be on one side, conipaiadvely iuiuus, thaii 
liiaL oil die oUicr side it should be comparatively plus: and 
this state of the forces must exist whether the current ori- 
ginates fWnn a hiatns before, or finom preiatire behind. Ooe 
current cannot diifer essentially from aaodier, however they 
may be pradnced. 

16. In parwraph 1330^ I have been struck with the lbUow-> 
ing query, What then is to separate the principle of these 
extremes, perfect conduction and peHiset msulation, from each 
other; since the moment we leave the smallest degree of pep* 
fection at either extremity, we involve the clenent of perte* 
tion at the opposite ends ?" Might not this query be made 
with as much reason in the case of motion and rest, between 
the extremes of whicli there is an inlijiity of" gradations ? If 
\ve are not to coniound motion with rest, ht cause in prt']ntr- 
tion as the fornuT is retarded, it-difiers less iiom the InUcr; 
wherefore should we contouud insulation with conduction, be- 
cause in proportion as the one is less efficicac, il becomes less 
remote from the oilier 

• 

• See my Essay on the cautMof the dWenity in the length of the sparky 
erroneously dimnguished as potttive and DSgpitive^ io vol* V. Americaa 
FUilosopbical Transactions. 



17* In any case of the intamrixtara of opfMaila qnalitk^ 
My hoot mi said m the laagoage wliich you employ, ^ tha 
iBomeDt we lemre the daoieiit of parfeotioD al ona ostremitv, 
we involve the element of perfedioD at the opposite"? Mfgut 
itnot be saki of liglit and datknastp or of opalMnass and trans- 
lucency ? in which case, to lasort to your language again, it 
might he ndded, " especially as we have not in nature, a case 
of perlection at one extt ernity or the other." But if lliere be 
not in nature any two l)odies, of which one ]>os.sesses the pro- 
J)ei ty ol purleclly resisting the passage ol t locti iciLy, vvliile the 
other is endowed with the faculty oi perniitung its passage 
without any resistance; does this affect the propriety of con- 
iidarliy tliaqiiditiasof litwifal^ 

traal^ as parfteti V dialiact» and antming tfa^ matter 
may be endoarad widi the one properQr^ it must be wanting 

in the other? 

18« Have you ever known electriaity to paas through a 

pane of sound glass ? My knowledge and experience create 

BU impression inat a coated pane is never dischargeil through 
the glass unless it be cracked or perforated. Tiiat the pro- 
perty by which glass resists the passage of electricity, can be 
conmuiidi'd witli tii:it which t iiablcs a metallic wire to permit 
oi Us transfer, agreeably to Wheatstone's experiments, witii 
a velocity greater titan that of the aoi&i rays, is to my mind 
faieonoeivanle. 

19. Yon infer that the residual chai^ge of a battery arisca 
from die partial penetration of the glass by the opposite ex- 
eitenienfa. But if glass be penetrable by eteetrici^, why does 

it not pass through it without a fracture or pedbimtion r 

20. According to your doctrine, induction consists in a 
forced state of polarization in contigiious rows of the particles 
of the glass" (1300); and since this is ]>ro|iagated from one 
side to the other, it must of course exist equally at all depths. 
Yet the partial ]>enet ration suggested by you, supposes a col- 
lateral afiectioii ui the same kind, exleiuliag only to a limiteil 
dcptlk Is this coQsisteut? Is it not more reasonable to sup- 
poeo that the air in the vicinity of the coating gradually r^ 
linqoiihei to it a portkMi of free electricity, conveyed into it 
bf whet you call convection,*^ The eoating being equally 
in eoDtact with the air and glass, it appears to me more easy 
to conceive that the air nii^t- be peoetimted by the excite* 
ment, than the glass. 

21. In paragraph 1300, I observe the following statement: 
ff 7ien a jLei/drn jar is charged^ the pmiides of the ^lass are 

Jorced into this polarized and coustraiuetl condition Inj Uic 
rhiL Ma». S. 3, Vol. 17. No. 107. Jidi/ 1840. t 
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eleetrieiiff of ike ehmrging apparalm* Ditekairge it ike retmn 
of ike parades io tkSr mUural state^frem ikeir state of ten^ 
ghUf wkmever ike two electric forces are aUemed io he die* 

posed of in some other direction.'* As you have not previously 
mentioned any particular direction in which the forces are 
exercised durmi^ the prevalence of this constrained condition, 
1 am at a loss as to what meaning I am to attach to the words 
** some other direction/' The word somc^ would lead to ihe 
idea that there was an uncertainty respecting the direction in 
which the ibroes might be disposed of \ whereas it appears to 
me that the only direction in which thejcan operate, must be 
the opposite of that by which they have been induced. 

S9. The electrified particles can only ^'return to their natand 
state" by retraciiiff the path by which they departed from it 
I would sngfrest that for the words ** to be disposed of in some 
other direcdon^^ it would be better to siifistitiite the foUowingi 
** to coriipem^afr rac/i otfier Ini mi adequate communication " 

23, Agreeably to the explanation of the phenomenon of 
coated electrics afibrded in the paragraph above quoted (^1300), 
by what process can it be conceived that the opposite polari* 
sation ofthe sorfiuses can benentraliaed by condoetion throiwh 
a metallic wire ? If I understand your hypothesis oorreet^f 
the process by which the polarization of one of the vitreous 
surfaces in a pane produces an opposite polarization in the 
other, is precisely the same as that by which the electricity 
applied to one ena of the wire extend? itself to the other end. 

24-. I cnnnot conceive how two ]:)rocesses severally produ- 
cing results so diametrically opposite as insulation and con- 
duction, can be the same. By the former, a dernn£,a nient of 
the electric equilibrium may be permaDentiy sustained, while 
by tlie other, all derangement b ononteracted with a rapidity 
almost infinite. But if the opposite charges are depment 
upon a polarity iuduoed in contiguous atoms of the gfausy 
which endures so long as no comrounication ensues between 
the suriaces; by what conceivable process can a perfect con- 
ductor cause a discharge to take place, with a velocity at least 
as great as that of the solar light? Is it conceivable that all 
the lines of ** contra-indiiction " or depolarization can concei>- 
trate themselves upon the wire from each surface so as to 
produce therein an intensity of polarization proportioned to 
Uie concentration ; and tiiat the opposite forces resulting from 
the polarization are thus reciprocally compensated ? 1 must 
confess, such a concentration of such ibroes or states, is to me 
difficult to reconcile with the conception that it b at all to be 
ascribed to the action of rows of conHguom ponderaUe pm^ 
ikkt* 
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25. Does not your hypothesis require that the metallic par« 
ttdei, Rt oppotite tndii of die wire, shall In die fim inttanoe 
1m 8ubject«a to di« nine polarisation as the excited paiticlea 
of the glass; and that the opposite polarizatkiis» transmitted 
to some intervening point, should thas be mutually destroyed^ 
the one by the other? But if discharge involfes a return to 
the same state in vitreous particles, the same mtist be true in 
those of the metallic wire. Wlicrefbre then are these disi^i" 
pated, when tliu clisclinrge is sufhcienlly powerful ? Their 
dissipatiui] iiuist take place either while they are in the biAie 
of being polarizetl, or in that of returning to their naUiral 
state. But ifit happen when in the first-mentioned state, the 
condnctor must be destroyed before the opposite .polarixa* 
tion npon the surfaces can be neutralised by its interven-» 
tion* But if not dissipated in the act of being polarized, is it 
reasonable to suppose that the metallic particles can be sun- 
dered by retummg to their natural state of depolarization ? 

26. Supposing that ordinary electrical induction could be 
satisfactorily ascribed to the reaction of ponderable particles, 
it cannot, it seems tu nie, be pietended that magne tic and 
electro-magnetic induction is referable to this species ol reac- 
tion. It will be admitted that the Fat ad tan currents do not 
for their production require intervening ponderable atoms. 

S7« From a note snojoined to page 37 of ^our pamphlet, 
it appears that ^ on the onestion of the existence or one 
or more imponderable flnios as the cause of electrical pha&> 
nomena» it nas not been your intention to decide." I should 
be much gratified if any of the strictures in which I have been 
so bold as to indulge^ sbould contribute to influence your uU 
timate decision. 

28. It appears to me that there lias been an undue dispo 
silion to lunden the matter, usually regarded as such, with 
more dunes than it can perioral. Ailhuugh it is only with 
the properties of matter that we have a direct acquaintance, 
and the existence of matter rests upon a theoreticsi inference 
that since we perceive properdes, there must be material par« 
tides to which those properties belpng; yet there is no con* 
viction which the mass of mankind entertain with more firm- 
ness than that of the existence of matter in that ponderable 
form, in which it is instinctively recognised by people of 
common sense. Not perceiving tiuit this conviction can only 
be supported as a liieoretic deduction from our perception of 
the properties ; there is n reluctance to admit the existence of 
other matter, wlucii has not in its favour the same instinctive 
conception, although tiicoietically similar reasonmg would 
apply*. Alt if one hind of matter be admitted to exist because 
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w peraive propertiaflb the cxifteiioe of which camiot be 
otMrwjie exf^ainadf are we not w ar f«n ted» if we notice more 
properties than can teasoiMiblj be assigned to one kind of 
natter^ to atrame the existence of another kind of matter? 

S9. Independently of the eonstderationswhwh have hereto- 
ibre led aome philosophers to suppose that we are surrounded 
by an ocean of electric matter, which by its rcclundnncy or 
deficiency is capable of producing the phrnioniciia ot me- 
chanical electricity, it has appeared to me inconceivnble that 
the ])lKeiiomena of galvanism and elcctro-magneLihiii, latterly 
brougiit into view, can be satisiactorily explained witliout 
supposini^' the agency of an intervening imponderable medium 
by whose subserviency the inductive influence of currents or 
magnets is propagated. If in that wonderful reciprocal re- 
acoon betwaen masses and partidesyto which I have allndedt 
the pcJariiatkitt of condensed or aocnmnkted Mtbns of in- 
tervening impoudemble matter^ can be brought in as a link 
to connect the otherwise imperfect diain of causes ; it would 
appear to ne a most important tastmment in lifung the cur- 
tain which at present hides from our inteUectnal vision, this 
highly important mechanism of nature. 

30. Having devised so many ingenious experiments lending 
to show that the received idens of electrical induction are 
inndcqiiale to explain the ph:t'iioniena without supposinc^ a 
modifying inlUieiicc in intervening ponderable matter, should 
there prove to lu' cases in whicii the results cannot be satis- 
facloi ily ^xplainetl by ascribing them to ponderable particles, 
J hopt- that you may be induced to review the whole grt>niiil, 
in order to determine whether the part to be assigned lo tun- 
tig uous ponderable particles, be not secondary to that per- 
formed hj the imponderable pihicqiles fay wbidi diey are 
wrionnd^. 

SU But if galvanic f^ienomena be due to ponderable (tsi- 

fondetable?) matter, evidently that matter must lie in a state of 
combination. To what other cause than an intense affinity be- 
tween it and the metallic particles with which it is associated^ 

can its conflnement be ascribed consistently with yoinr estimate 
of the enormous quantity which exists in metals ? If "a grain 

of water, or n irrnin of zinc, contain as much of the electric fluid 
as would supply eight hundred thonsnnti charges ot' a battery 
containing a coated surface of fifteen hundred square inches," 
how intense must be the attraction by which this matter is 
confined? In such cases may not the material cause of elec- 
tricity be considered as latent, agreeably to the suggestion of 
tErsted, the ibunder of electro-magnetism ? It is in combina- 
tion with matter, and only ca^bk of producing tlie ;ippr^ 
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priate effects of voltaic corrants whea in not of transfer from 
combination with one atom to another ; this transfer being at 
once an effect and a cause of ckemicai decompoeition» as you 

have demonstrated. 

32. If polarization in any form can be conceived to admit 

of the requisite f^radations of intensity, which the phnenomena 
seem to demand; would it not be more reasonable to su}^pose 
that it ojierates by means of an ini})ontlerab]e fluid existing 
tiiruughout all space, liowever devoid of other matter? May 
not an electric current, so called, be a prou;ressive f)olariza- 
tioii oi rows of Llic elect) ic particles, the pulai ily bejiig pro- 
duced at one end and destroyed at the other incessaiidy, as 
I understood you to suggest m the case of oonligaous pon- 
derable atoms* 

SS. When the electric particles within different wires are 
polarized in die same tangential direction, the opposite polee 
oeing in proximity, there will be attraction. When the cur* 
rents of polarization move oppositelys similar poles coincidingf 
there will be repulsion. The phenomena leqnire that the mag- 
netized or polarized particles should be arranged as tangents 
to the circumference, not as radii to the axis. Moreover, the 
progressive movement must be propagated in spiral lines in 
order to account for rotary influence. 

,51-. Between a wire which is the mean of a galvanic dis- 
charge and another not mftkini; :i pari of a circuit, the electric 
matter which intervenes ma} , by undergoing a polarization, 
become the medium ut producing a progressive polarization 
in the second wire moving in a direction opposite to that in 
the indacing wire; or in other words an electrical conrent of 
the species called Faradlan mnjr be generated. 

35* By progressive polarization in a wire, may not station- 
ary polarization or magnetism be created ; and reciprocallj 
by magnetie polarity may not progressive polarization be ex* 
oted ? 

36. Might not the difficulty, above suggested, of the in- 
competency of any imaginable polarization to produce all the 
varieties of electrical excitement which facts require tor ex- 
phtnation, be surmounted by supposing intensity to result 
i'roni an accumulation of free electric polarized particles, and 
quantity from a still greater accumulation of uicli particles, 
polarized in a latent state or in chemical coml;uialion ? 

37- Tiiere are it would seem Hiariy indications in favour of 
the idea that electric excitement may be due to a forced po- 
larity, bnt in endeavcmring to define the state tfans desunated, 
or to explain by means of it the diversities of electrical charges, 
camats and dfects, I have always the inoompetency %i 
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any hypotbesis which I could imagine. How are we to fOL* 
plain the insensibility of ii fjold-leat" electroscope, to a galvan- 
ized wire, or the indifference of a magnetic needle to the moat 
intensely electrified surfaces ? 

38. Possibly the FraiikliniMn liypothcsis may be combined 
with that ubuve suggested, so lliut an electrical current rnay 
be constituted of an imponderable fluid in a state of polariza- 
tioDy the two electriaties being the consequence of the posi- 
tion of the poles, or their presentatioii* Positive electrici^ 
may be the result of an aocumuUtioii of electric particles, pre- 
senting poles of one kind ; negative, from a like accumuiation 
of the same matter with a presentation of the opposite poles, 
inducing of course an opposite polarity. The condensation 
of the electric matter, within ponderable ninttcr, may vary 
in obedience to a property analogous to that which deter- 
mines the capacity for heal, and the different influence of 
dielectrics upon the proce:>s ut electrical induction may arise 
from this source of variation. 

With the highest esteenv I am yours trulv, 

tiOBBET HaBX. 



An Antmer to Dr. Hare's Letter cn certain Theoretical 
Opinions, B^f M, Faraday. 

My dear Sir, 

i. "V'OUR kind remarks have caused nie very carefully to re- 
vise the general principles of the view oi static induction 
which lhave ventured to put forth, with the very natural fear 
that as it did not obtain your acceptance* it might be founded 
in error ; for it is not a mere complimentary expression when 
I say I have very great respect ror your judgement. As the 
reconsideration of them has not made me aware that tbegr 
difier amongst themselves or with facts^ the reanlttog im- 
pression on my mind is, that I must have expressed my meaning 
imperfectly, and 1 have a li ope that when more clearly stated 
my words may gain your ap|)i ubation. I feel that many of 
the words in ihc language ol" Lloctrical science possess nnicli 
meaning; and ^et their iiUerpretation by diff*erent philoso- 
phers iSten varies more or less, so that they do not carry 
' exacdy the same idea to the minds of difierent*men : thb often 
renders it difficult, when such words force themselves into nsc^ 
to express with brevity as much as, and no more than» one 
really wishes to say. 

ii. My theory of induction (as set forth in Series xi. xii. 
{ind xiii.) makes no assertion as to the nature of electricity, or 
Ut all questions any of the theories respecting that subject 
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(1667). It does not even inclade the origination of tlie de- 
veloped or excited sLnte of the power or powers ; but taking 
that as it is given by experiment and observation, it con- 
cerns itself only with the arrangement or Uic loice in its com- 
munication to a distance m that pailicular yet very general 
ptuenomenon called static induction (1668.)* It is neither the 
nature nor the amount of the ibroe which it decides upon, 
but solely its mode of distribution. 

iiL Bodies whether conductors or non-conduclors can be 
dkargetL The word chaise is equivocai : sometimes it means 
that state which a glass tube acquires when rubbed by silk, 
or which tlie prime conductor of a machine acquires when 
the latter is in action ; Rt oilier times it means the state of a 
Leyden jar or similar intluctive ar?-angement when it is said 
to be charged. In the iirsL case the word means only the 
peculiar condition of an electrified mass oi matter considered 
by itself, and does noL apparently involve the idea of induc- 
tion ; in the second it means the whole of the relations of two 
such mHses chaiged in opposite ststes, and most intimately 
connected bv inductive action* 

iv« Let three insulated metallic spheres A« B and C be 
placed in a line, and not in contact ; let A be electrified po- 
sitiTel V, and then C uninsulated ; besides the general action of 
the whole system upon all surrounding matter, there will oc- 
cur ft case of inductive action amongst the three balls, which 
may be considered apart, as the type and illustration of the 
whole of my theory: A will be charged positively; B will 
acquire the negative state at the surface towards A, and the 
positive state at the surface furthest from it ; and C will be 
charged negatively. 

V. The mU B will be in what is often called a polarized 
conditiont i. e* cfxposite parts wUl exhibit the opposite elec- 
trical states^ and the two sums of these opposite states will be 
exactly equal to eadi other. A and C will not be in this po- 
lariied state, for thev will each be, as it is said, charged (iii.)* 
the one positively, the other negatively, and they will present 
no polarity as far as thb particular act of induction (iv.) is 
concerned. 

vi. Tliat one part of A is more positive than iuuufier part 
does not render it polar in the sense in which that word lias 
just been used. We are considering a particular case of in- 
duction, and have Lo dirow out ui view the ^Lales ut Uiose parts 
not tinder the inductive action. Or if any embarrassment still 
arise from the fact that A is not uniformly charged all overi 
then we have merely to surround it with balls, such as B and 
Cf on every aide^ so thai its stale shall be alike on eveiy 
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part of its surface (because of tiie uniformity of its iiiiluciive 
iflfluence in all directioiis} and then that difficulty will ba 
removed. A therefore In diargeil, but not polarl^r; fi 
asmmea a polar Gandidon ; and C is charged mdndeooily 
(t4Bd«X being by the prime inflnenca of A brought Into tbo 
ODposite or negative electrical state through the iotervcntioQ 
ot* the intermediate and polarized ball B. 

vii. Simple charge tlierefore does not imply polarity in the 
bodv charged. IiuIik tivo cli:irii;c (opp^yi'i^^ ihnt term lo the 
sphere B and all bodies in :i similar condiUuii( v.;) does(1672.)» 
The woi il charge as applied to a Leyden jar, or to the whole 
of any inductive ui i aiigement, by including all the efiects^ 
comprehends of course both these states. 

▼ill. At another expression of my theory, I will pot tlie 
following case* Snnpose a metallic sphere C, fimned of a 
thin sheU a- foot in diameter ; suppose also in the centre of it 
another metallio sphere A only an inch in diameter; suppo se 
the central sphere A charged positively with electricity to the 
amount we will say oi 100; it would act by induction through 
the air, lac, or other insulator between it and the large 
sphere C; the interior of the latter would be ncf^alivc, and its 
exterior positive, and tiic sum of the positive ibrce upon the 
whole of the external surface would he 100. The sphere C 
vtuuld iu lad be polarized (v.) ab legarda its iimer aud oultr 
surfaces. 

ix* Let ns now cooceifie that instead of mere airt cr other 
insulating iWectricy within C between it and Ay there Is a diln 

metallic concentric sphere B six inches in diameter. This 
will make no difference in the uldmate result^ ibr the charged 
ball A will render the inner and outer surfiioes of this ijfbim 

B negative and positive, and it again will render the mner 
and outer surlaces of the large sphere C negative and posi- 
tive, the sum of the positive forces on the outside of C beiog 
still 100. 

X. Instead ol one intervening sphere let us imagine 100 or 
1000 concentric with eatli oUici, and separated by inhuluung 
matter, still the same final restdt will occur ; the central bail 
will act Inductrically, the influence originating with it will be 
carried on from sphere to spbere^ and positive force equal 
to 1 00 will appear on the outside of the external sphere. 

xi. A^ain, imagine that all these spheres are subdivided 
into myriads of ]^nrticles, each being effectively insulated from 
its neighbours (1{j79. , still the same final result will occur; the 
inductric body A will polari^ all these, and having its in- 
fluence carried on by them in their newly acquired state, will 
exert precisely the some amouut of action on the external 
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sphere C ns before, and positive force equa^ to 100 will ap- 
pear on its outer surface. 

xii. Sucli a state of the space between the iiulucti ic and 
indiicteous surfaces represents what 1 believe to be lite aLate of 
an insulating dielectric under inductive influence ; the particles 
of which bj the theory m assatmed to be oonduocors indivi* 
dualljr* but not to one another (1669.)* 

xuu In MMrtiog that 100 of positive force will apfp^ od 
the otttMde of the external sphere nnder all these variations^ 
I presume I am saving no more than what every electrtcian 
will admit. Were it not so, then positive and negative elec- 
tricities coukl exist by themselves, and without reI;ition to 
each other (1169. 1177.)» or they could exist in proportions 
not equivalent to each other. There are plenty of experi- 
ments, both old and ne>^^ w hich prove the truth of the prin- 
ciple, and i need not go iurthei into it here. 

xiv. Suppose a plane to pass through the centre of this 
spherieel syetemy and coneaive that hutead of the speee be- 
tween the central ball A and the external sphere C being 
occupied by a miifiimi distribatioD of the equal metallic par* 
ticleSt three times as many were grouped in the one half to 
what OGcnned in the other halfj the insulation of the particlea 
being always preserved : then more of the inductric influence 
of A would be conveyed outwards to the inner surface of the 
sphere C, though that half of the space where the greater 
number of metallic particles existed, than through the other 
half ; still the exterior of the outer sphere C would be uni- 
formly charged with poaitive elecLncity, the amount ol whicli 
would be 100 as before. 

XV. The ac6ona of the two portions of sfMes^ as they have 
jost been supposed to be constitntad (xiv*)» is as if they pos» 
sessed two oiffiurent mdfk indueOve capacities (1296.); bat 
1 by no means intend to sey» that spec^/Sc inductive capacity 
depends in all cases upon the number ofconduotinfj particles of 
which the dielectric is formed, or upon their vicinity. The 
full cause of the evident difTerence of inductive capacity of 
different bodies is a problem as yet to be solved. 

XV i. In my papers I speak of all induction as being de- 
pendent on llie action <jf coniiguous particles, i. e. I assume 
that ujsuiuting buclies con>>i>l oi {)articles which are conductor;* 
individually (1669.), but do not conduct to each other pro* 
vided Uie inlensi^ of action to which they are snlject is be* 
Beethe^ivenemoant (18S6. 1674. 1675.}; end that when the 
inductric body acta upon conductors at a distance^ it does so 
by polarizing (1298. 1670.) all those particles which occur in 
the portion of dielcGtrio bitween it and them, i have used 
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the term contiguous (1 164. 1673.), but have I hope snffiricntly 
expressed the meaning I attach to it: first by ^ayiiiii^ at par. 
1615, ** the next existing particle being consulered as tlie 
contiguous one;" thefi in a note to par. 1665, by the words, 
'* I mean by contiguous* |>ai tides those which are next to each 
other, not that there is no space between them and iui ihei 
by the note to par. 1164. of the octavo edition of m^- lie- 
MrchMy which is as lUlows : ^ The word condgooos i« peiv 
haps not the best that might have bMn uM h«re and 
altawfami Ibr as particles do luH tpndi each other It ia no! 
Btrictlj correct. I was induced to employ it becatifa in Ha 
common acceptation it enabled me to state the tbeoiy pialaly 
and with facility. By ooDtigaoiia partidei^ I mean those 
which are next.'' 

xvii. Finally, my reasons for adopting the molecalar tlieory 
of induction were the phff^nomena of electrolytic discharge 
(1164. 1:M 3.), of induction in curved lines (1166. 1215.\ of 
specific inductive capacity (1 167- 1252.), of penetration and 
return action (1245.), of dillerence of conduction and insula- 
tion (IS20.), of polar forces (1665.), 8jc. &c., but for tlu -e 
reasons and any strength gr value lliey xnuy possess I refer 
to the papers themselves. 

xfiiL I wiU now torn to such parts of your critical rsnuurks 
as may reqave attention. A man who advances what he 
thinks to be new tmthi^and to develope principles whidi pro* 
ibss to be more consistent with the laws of natm than those 
alresdy in the field, is liable to be charged, first with self-con* 
tradiction ; then with tlie eontradictbn of facts ; or he may 
obscure in his expression, and so jnstly subject to certain 
queries ; or he may be found in non-agreement with the opi- 
nions of others. The first and second points are very im- 
portant, and every one subject to such charges must be an- 
xions to he made aware of, and also to set himself free from 
or acknowledge them ; the third is also a fault to be removed 
if possible; the fourdi is a matter of but small consequence 
in comparison with the other tln ee ; for as every man who 
has the courage, not to sa}* rasliiiebs, ol forming an opinion of 
his own, thinks it better than any from which he differs, so it 
is only deeper InvestiMtiony and most generally Ihtniv inf is 
tigators who can decide which is in the rioht. 

xix. 1 am afraid I shall find it radier dilBcalt to refer to 
voor letter. I will, however, reckon the paragraphs in order 
from the top of each page, considering that the first wliieh has 
its heghauf^^ first in the page*. In teferringto my own mat- 

* We shall change Prof. Faraday's refiereacetforthenuinben which we 
hsfeetnwhed to Dr. Hain't letter, sad refer fihmt par. IR^te 
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ter I will eni[)loy the usual figures lor the paragra])hs of the 
Expei inienUli Kesearches, and i»maU lioniau numerals for 
tiiObe oi this communication. 
XX. At paragraph S, you say, yon CftfinoC raconoile my lan- 

Suage At 1615» with tiiat at 1165. In th* btter place I 
ftva aaid I beUave crdhuny indmthn in sU cases to be an 
action of contiguous particles, and io the former assamin^ a 
very hypotbetical case, that of a vaeuum, I have said nothing 
in my theory forbids that a charged particle in the centre of 
a vacuum should act on the particle next to it, though that 
should be half an inch oft'. With the meaning which 1 have 
carefully attached to the word contiguous (xvi.J I see no con- 
tradiction here in the terms used, nor any natural impossibility 
or improbability in such an action. Nevertheless all ordinary 
inducliou is to me au action of contiguous particles, being 
particles at insansiWe ^stances s induracn across atacnuni 
IS not an oidinary instance^ and yet I do not jf>croelve that it 
cannot cone onder the same principles of action. 

oi* As an illustration of my meaning I may refer to the 
OBSS^ parallel with mine, as to tlie extreme difference of in* 
tenral between the acting particles or bodies, of the modem 
views of the radiation nncT conduction of heat. Tn radintion 
the rays leave the hot particles and pass occnsiuiially through 
great distances to the next particle, fitted to receive tliem : in 
conduciion, where the heat passes from the hotter particles to 
those which are contiguous and iot in part of the same mass^ 
Still the passage is considered to be by a process precisely 
like that oC ramation ^ and though the eflhcts ars^ as b mA 
known, eKtiendy diflhrent in their appeafanc% it cannot aa 
yel be shown that the prmciplt of commonication is not the 
same in hotht 

xxii. So on this poUit respecting contiguous partides and 
induction across half an inch of vacuum, I do not see that I am 

in contradiction witli myself or with nny natural \n\\' or fact. 

xxiii. Farugraph ^ is answered by the above remarks and 
by viii. ix. x. 

xxiv. Paragraph 5 is answered according to my theory by 
viii. ix. X. XI. xii. and xiii. 

XXV. Paragraph 6 is answered, except in the matter of 
opinion (zyiii.)> aoootding to my theory by xvi. The con- 
dtiction of heat referred to in the [laragraph itself wil1| as 
it aupears to me, bear no comparison with tlie phienomenon 
of cMoirical induetkm : —the first refers to the distant influence 
of an agent which travels by a very slow process^ the se- 
cond to one where distant influence is simultaneous, so to 
speakt with the or%in of the torn at tlie place of action :*Hhe 
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first refers to an agent which is represented by tlie idea of 

one imponderable fluid, the second to nn ngcncy better repre- 
sented probably by the idea of two liuids, or at least by two 
forces: — the first involves no polnr action, nor any of its con- 
sequences, the second depends essentially on such actions ; — 
with the first, if a certain portion l)c oritrijmlly employed iu 
the centre ot a spherical arrangement, but u suiaii pan appears 
ultimately at the surface; with the second, an amount of loi ce 
appears mttantly at the surfiu^ (viU. ix* JU xi xii. xiii. 3uv.) 
exactly equal to the exfiiting or moving Ibrce^ which is sCiQ at 
the centfe* 

xxvL Paragraph IS hivolves anothor charge ofaelf-coDtra. 

diedon, from wmch, therefore^ I will next endeavour to set 
myself free. You say I **oorreollv all^ that it is impossible 
to charge a portion of matter with one electric force without 
the other (see par. 1177). But if all this be tru% how can 
there be a, positively errifed particle? (see par. 1616). Must 
not every particle be excited lugrLiivcly if it be excited posi- 
tively? Must it not have a negative as well as a positive 
pole?" Now I have not said exacdy what you attribute to 
me; my words are, "it is impossible, experinicntally, to 
charge a portion of matter with one electric torce indcpcnd- 
etUlj/ oi tlie other: charge always implies indttctiou, ior it 
can iu no instance be efiected without (1 177.)." I can, how- 
everi eaailv perceive how my words have oonvejed a veiy 
diflb«&t ioea to your mind^ and pvohably to others^ than tiiat 
I meant to exfireBS. 

xxvii. Using the word charge in its simplest meaning (Hi* 
iv*)» I think tnat a body can be charged with one electrio 
force without the other, that body being considered in rela- 
tion to itself only. But I think that such charge cannot exist 
without induction (1178.), or independently of what is called 
the development of an etjnal amount of the other electric 
force, not in itself, but in the neighbouring consecutive })ar- 
ticles of the surrounding dielectric, and through them of the 
facing particles of the uninsulated surrounding conducting 
bodies, which, under the circinn>iances, terminate as it were 
the particular case of intluctioii. I have no idea, therefore, 
that a particle when charged niusl iticli ol uecessi Ly be polui ; 
the spheres ABC of iv., v., vi., vii., fully illustrate my views 
(1672.). 

xxTiii* Paragraph 80 indodes the question* ^is this con- 
sistent?" implying sel^contradictimi» which, therefore, I 
proceed to notice* The question arises ont of the pos» 
sibility of j^ass being a (slow) conductor or not of eiectri- 
d^, a pomt^questioned also in the two ptecediiig pam^ 
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graphs. I believe that it U. I have chai]ged small Leyden 

jars made of thin flint glass tube with electricity, taken out 
the charging wiresi aeiued them up hermeticaily, and after 
two and three years have opened and found no charge in 
them. I will refer you also to Belli's curious experiments 
upon the successive charges of ajar and the successive return 
ot portions of these charges*. I will also refer to the expe- 
riments with the shell lac lieniispliere, especially that de- 
scribed in 1237. of my Researches; also the experiment in 
I caiHioL conceive how, in these cases, the air in the 
vicinity of the coating could gradually relinquish to it a por- 
tion of free electricity, conveyed into it bv what I call con- 
vectioo) aince in the nrst experiment quoted (1S57*)« when the 
return was gradoali there was no coating} and in the second 
(1246.)9 when there was a eooHng^ the return action was most 
sudden and instantaneous. 

xxix. Paragraphs 21 and 23 perhaps only require a few 
words of explfination. In n charged Leyden jar 1 have con- 
sidered the two opposlic loices on the inductric and inducte- 
ous surfaces as being directed towards each other through 
the glass of the jar, provided the jar have no projection of 
its inner cositing, and is uninsulatetl on the outside (16S2.). 
When discharge by a wire or discharger, or any other of 
the many arrangements used for that purpose is eflected, 
these supply the *<8ome other directions" spoken of (16811. 
1683.}. 

XXX. The inquiry in paragraph SS» I should answer by 
saying, that the process is the same as that by which the 
polarity of the sphere B (iv., v.^} would be neutralized if the 
spheres A and C were made to communicate by a metallic 

wire; or t!int by whicli tlic 100 or 1000 intermediate spheres 
(x.) or the myriads of polarized conducting particles (xi.) 
would be discharged, it the inner sphere A, and the outer 
one C, were brought into communication by an insulated 
wire; a circumstance which wouKl nut in the least alFect the 
condition of the power on the exterior of the globe C 

xxad. The obscurity in my papers, which has led to your 
remarlts in paragraph 25, arises, as it appears to me (after 
my own tmperiect expression), from the uncertain or double 
meaning of the word discharge. You say^ ''if discharge 
involves a return to the same state in vitreous particles, the 
same must be true in those of the metallic wire. Wherefore 
then are these dissipated when the discharge is sufficiently 
powerful ?" A jar is said to be diiicharged when its chargea 
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itttta U radooed by mv meaAs, and it ifc found in It» ffartt oh 
difiennt condition. Tnt word is chen uaed sinmly to tiipiy 
fStut itate of the apparatus; and so I hava naea it in tiw 
preMiooa criticised in paragraph 91, already referred to. 
The process of discharge* or the mode by which the jar is 
brought into the discharged state, may be subdivided, as of 
varioTis kinds; and I have spoken of conductive (1 .S20.), elec- 
trolytic {lS43.),disruptive(1359.), and coiivective (1562.) dis- 
charge, nny one of which may cause the discharge of the jar, 
or the discharge ot the inductive nrrangements describetl in 
this letter (xxx.), the action ot the {>articles in any one of 
these cases being entirely difitrciiL iVoni the mere return 
aciion of the polarized particles of tlie gla&s of the jar, or 
the polarized globe B (¥.)» to their first statep My new of 
tlie relatbn of insolatort and conductorai as bodiea of one dasai 
is given at 1320. 1675. &c. of the.Researchci; but I do not 
diinktlie particlesof the good conductoriaoonire an intennty of 
poteriaation anything like that of the partioies of bad conduct- 
on; on the contrary, I conceive diat the cootlgnotti poiarind 
particles (1670.) of good oonductors discharge to each other 
when their polarity is at a very low degree ofintetisity (1326. 
13S8. 1675.). Tlie qnestlon of why are the metallic particles 
dissipated when the cliarge is sufficiently powerful, is one that 
my theory is not called upon at present to answer, since it 
will be acknowledged by all, thnt tlie dissipation is not ncces- 
snrv to discharge. That diflerent effects ensue ni^on ilie 
i>iil)jection ( f bodies to different decrees of the sariK- j^oM-er, 
is e(jnimoii enough in experimental philosu])hy : thus, one 
iiegrtc of heat will merely make water hot, whilst a higher 
degree will dUnptUe it at steam> and a lower will oonvert it 
intoioe. 

xxxiL The^ next moit important poinly as it imera to 
ia that contained in paragraphs 16 and 17* I liave said 
(1S80»)9 **wbat then is to separate the principle of these 
two extreraesi perfect eonduciioii and perfect insolation, from 
each other, littoe the moment we leave in the smallest de- 
gree perfection at either extremity we involve the element 
of perfection at the opposite end?" and upon this yon say, 
might not this query be made with as much reason in the 
cn«e of motion and rest? — and in any case of the intermix- 
ture of opposite qualities, may it nut be said, the moment we 
leave the element of perfection at one end^ we involve the 
element of perfection at the opposite ?^ — amy it not l)e said of 
light and darkness, or of opakenes«> aud translucency i and so 
forth. 

xxsdii. I admit that these qnesttons are wy pn^rly put; 
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not that I go. to the full extent of them ally » for instance that 

of motion and rest; but I do not perceive their bearing upon 
the (jneslion,of whellier conduction nnd insulation arc different 
properties, dependent upon two dilitreiit modes of action of the 
parlit le.s of the substances respectively possessing these actions, 
or whether they m e only differences in degree of one and the 
same mode of action ? In this question, however, lies the whole 
gitt of the matter. To explain my views» I will put a case or 
two. In former times a principle or force of levity was ad- 
mitted, as well as of gravity, and certain variations in the 
weights of bodies were supposed to be caused by different 
combinations of substances possessing these two principles. 
In later times, the levity principle has been discarded : nnd 
though we still have imponderable substances, ^ et the [)luv- 
nomenn causing weight have been accounted tor by one tbrce 
or principle only, that of gravity; the diHerence in the gravi- 
luUon of dilFereut budiesi being cuoaidcrcii due to diilerences 
in d^ree of this onefoixe resident in them all. Now no one 
can mr a moment suppose chat it b the same thmg phitoeo* 
phically to assume either the two forces or the one mrce for 
the explanation of the phenomena in question. 

xxxiv. Again, at one time there was a distinction taken 
between the principle of heat and that of cold : at present 
that theory is done away with, and the phaenomena of heat 
and cold are referred to the same class, (as I refer those of 
insulation and conduction to one class,) and to the influence 
of different degrees of the same power. But no one can say 
that the two theories, namely, that including but one positive 
principle, and thai including two, are alik& 

XXXV. Again, there is the theory of one electric fluid and 
also that <» two. One explains by the difference in de» 
gree or quantity of one fluid, what the other attributes to a 
variation in the quantity and relation of two fluids. Both 
cannot be true. That they have nearly equal hold of our 
assent, is oidy a proof of our ignorance : and it is certain 
whichever is the false theory, is at present holding the minds 
of its supporters in bondage, and is greatly retarding the 
progress of science. 

xxxvi. I think it therefore important, if we can, to ascer- 
tain whether insulation and concraction are cases of the same 
class, just as it is important to know that hot and cold are 
phsenomena of the same kind. As it is of consequence to show 
that smoke ascends and a stone descends in obedience to one 
property of matter, so I think it is of consequence to show 
that one body insulates and another conducts only ifi conse- 
quence of a difference in degree of one common property 
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whldi they both foness; and that m both caaet the eflhcts 

are consistent with my dieoiy of mdactioii. 

xxx?u. I now come to wliat may be ooosidered as queries 
in your letter which I ought to answer. Para^iraph 8 

contains one. As I concede that particles on opposite sides 
of a vacuum may perhaps act on each other, you ask, 
** wherefore is the received theory of the mode in which 
the excited surface of a Leyden jar induces in the opposite 
surface a contrary state, objectionable?" My reasons for 
thinking the excited surface does not directly induce upon the 
opposite surfoce, &c., is, first, my belief that the glass ooo* 
sists of particles cooductiTe in themselves, bat insulated as 
respects each other (xviL) ; and next^ that in the arrangement 
given iv., ix^ or x.» A does not induce directly on C, but 
mrottgfa the intermediate masses or particles of conducting 
matter. 

xxxviii. In the next paragraph, the question is rather im- 
plied than asked — what do I mean by polarity ? I had hoped 
thatthe paragraphs 1669. 1670. 1671. 1672. 1679. 1686. 1687. 
1688. J699. 1700.;i701. 1702. 1703. 1704. in the Researches, 
would have been sufficient to convey my meaning, and I am 
inclined to think you had not perhaps seen them when your 
letter was written. They, and the observations already made 
(v., XXV i.), with the case gi^en (iv^ v.), will, I think, be suffi- 
cient as my answer. The sense of the word polarity is so 
diverse when applied to light, to a crystal, to a magnet, to 
the voltaic battery, and so different in all these cases to that 
of the word wlicn applied to the state of a conductor under 
induction (v.), that I thought it safer to use the phrase spe- 
cies of polarity," than any other, which being more expres- 
sive would pledge me further than I wished. 

xxxix. Paragraph 1 1 involves a mistake of my views. I 
do not consiaer bodies which are charged by friction or 

^ otherwise, as polarized, or as having their particles polarized 
(iii., iv., xxvii.). This paragraph and the next do not re- 
quire, therefore, any furtner remark, especially after what I 
have said of polarity above (xxxviii.). 

xl. And now, mv dear sir, I think I ought to draw my 
reply to an end. The paragraphs which remain unanswered 
refer, I think, only to differences of opinion, or else^ not even 
to differences, but opinions regarding which I have not ven- 
tured to judge. These opinions I esteem as of the utmost 
importance ; but that is a reason which makes me the rather 
desirous to decline entering upon the reconsideration, inas- 
much as on many of their connected points I have formed no 
decided notion^ but am constrained by ignorance and the 
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coDtrnst of facts to hold my judgement ns vet in stispenae. It 

is, intleeil, to me an annovin|r matter to nnd how many sub- 
jects there are in electrical science, on which, if I were asked 
for nfi opinion, I should have to say, I cannot tell,— 1 do not 
know; ijut, on the other hand, it is encouraging to think that 
these are the V wliich if pursued industriously, experimentally, 
and thoughtfully, will lead to new discoveries. Such a sub« 
jecty for instance, occurs in the currents produced by dynamic 
induction^ which ^ou say it will be admitted do not require for 
their production mtervening ponderable atoms. For my own 
part, I more than half incline to think they do require these 
intervening particles, that is, where any particles intervene 
( 1 729. 1 73S. 1 738.). But on this question, as on many others, 
1 have not yet made up niy mind. Allow me, therefore, here 
to conclude my letter; and believe me to be» with the highest 
esteem. My dear Sir, 

Your obliged aiid faithful Servant, 
Royal Institution, April 18, 1840. M. Faraday. 



X, Notices respecting New Books. 

Report on the Progress of Vegetable Phytiology during the Year 1837. 

B]f F. J. F. Mfypv, M.D., Professor of Botany in the University 
of Berlin. Translated from the German, by William FaANCia, 
A.L.S. London, 1S39. 8vo, pp. 158. 

OUR readers will doubtless remember the valuable Report on the 
Process of Vegetable Physiology for the year 1836, which 
appeared in our pages about two years since*. The high position 
occupied by Professor Meyen in this department of science, and the 
vast incrense which i- constantly being made In the amount of our 
knowledge of it, by the labours of tlie industrious j)hy biologists of 
Germany, combine to give these reports a peculiar value. A great 
part of the inlbnnation contamed in them would not have found its 
way to this countiy in any other shape ; and it is much more 
agreeable to obtain it in the condensed form it assumes after being 
submittt il to th^ Professor's compressor! 'nn , — wluch squeezes away 
the hi^hter iluid with which it is dikited, and retains the solid 
mutter, — than in its original state. Tlie Report at present before us 
is equally full of Talualiie information with the fomwr one ; and, 
when its much greater extent is considered, its importance as a 
contribution to scientific literature will be apparent. The rapid 
advance of discovery in this most interesting" science will give, we 
arc assured, a pro^reat^ively increiising value to these reports : and 
when the utility of a well-executed translation is considered, espe- 
cially from a language whidi needs long study and familiarity to 
give a certainty of the author's meaning being understood, we 

• Lonil. and Edinb. Phil. Mug., vol. ix. p. 381, rt scq. 

PhiL Mag. 8. ^. Vol. 17. No. 107. Mtf 1840. F 
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tni«t that Mr. Francis may receive sufficient encouragement to in- 
duce him to persevere in a labour which can, at beat, be but scautiiy 
remunerated. At present. %\ c regret to leam, be hsm not dear* 
ed the expenses of publication. We would urge those of our 
readers, therefore, who are Interested in the promotion of this de- 
partment of botanical science (as all who call themselves botanists 
ought to be), to do what in them lies for the rontinued succes* of 
this undertaking, calculated as it is in the highest degree for their 
benefit. 



XI. Proceedings qf Learned Societies, 

OBOLOOICAL 80CIXTT* 

[Goatioiied fiom vol. zvi. p. 148.] 

Nov. 6, A PAPER was afterwards read, On the relative ages of 
1839. the tertiary and post-tertiary depcraits of the Basin of 

the Clyde," by James Smith, E^q . of Jordan Hill. F.G.S. ; of which 
an abstract will be found in No. 6a of the Society's Proreedincrs. 

A paper was last read, " On the foul air in the chalk and strata 
above fhe chalk near London,*' by James IdltcfaeU, LL.D., F.G.S* 

In the chalk, the most abundant deleterious gas is the caibonie 
acid, but it baa been found to exist in greater quantity in the lower 
than in the iij>]»or portltin of the formation, and in that division to 
be unequally distnl)ut( ci. In sinkinic \vells, it hn? been noticed to 
issue with force from one stratum, whilst none has been perceived to 
be given out from the beds immediately above and below it. Dr. 
Mitchell mentions fatal effects due to its oceunence in a wdl near 
the race-course at Epsom, where it \\ met with at the depth of 
200 feet ; and in Norbury Park, near Dorking, at the depth of 400 
feet. On Bexlcy Heath, after sinking throiiiz:h 140 feet of gT^ivel and 
sand and 30 feet of chalk, it rushed out and extintjuished the can- 
dles of the workmen ; and in making a well in L<oiig I ^aue, iiexley 
Heaih, after peoetnting 124 feet of overlying deposits, and then 90 
feet of chalk, considerable inconvenience was felt feom it, but 6 feet 
lower no gas was emitted. 

In rhrilTc, -sulphTircttrd hydrogen gas is also occasionally met with, 
and is supposed to be generated £rom the decomposition of water and 
iron pyrites. 

In districts in which the chalk is covered with sand and London 
day, carburetted hydrogen gas is sometimes emitted, but more fee* 

quently sulphuretted hydrogen gas. 

Carburetted hydrogen has seldom inflamed in wells, but in making 
the Thames tunnel it has sometimes issued in such idiundance as to 
explode by the lie^hts and scorch tlic workmen. 

Sulphuretted hydrogen gas is mure abundant, and it has been ub' 
served almost always to proceed feom a coarse black sand charged 
with oxide of iron, whether the bed be above the blue clay, within it 
OT below it. It has streamed out with great violence in the Thames 
tunnel, but has in no instance produced fetal effects. At Ash, 3 miles 
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from Farnham, a well was dug in »-avA to the depth of 36 feet, and 
one of tho workmen on descending into it wni instuidy tnffocated. 

Fatal effects have also resulted from the accumulation of this gas lA 
wells in Maiden-lane, Battle-bridge, and at Ai)plebur}'-8treet, near 
Cheshunt. This gas is much increased, after long-continued rain, in 
consequence of t)ip swellings of the clay driving it out of the in- 
terstices ; and it lis lUminibhed aiter u long drought. The preva- 
lence of a north-east wind has been noticed by well-diggers to dimi- 
nish the quantity of the gas» but theeftct is ascribed by Dr. Mitchell 
to the dry weather which usually accompanies the wind ^m that 
quarter. The nutlior also ener^ests, that if wells are to be dug in 
dangerous districts, they sh iulfl be undertaken when there is least 
water in the ground, or from tiie beginning of July to October. 

The nozions gas in the Weald of Kent and Sussex is stated to be 
sulphuretted hydrogen. 

November 20, 1839. — A paper "On the origin of the vegetation 
of our Coal-fields and Wealdens*" by J. T. Barber Beaumont, Bsq.^ 
F.G.S., was next read. 

An examination of the fo&sil trees discovered on the line of the 
Manchester and Bolton Railway* has confirmed Mr. Beaumont in 
the opinion, that in no instance has the vegetation of the coal-fidda 
arisen from drifted trees sunk to the bottom of mighty rivers and 
estuaries, but that it <src\\' where it is found ; and he is further of 
opinion, that the districts composii^ our present coal-fields were ori- 
ginally islands. 

The principal objeotkms of the author to the theory ol the trans- 
portation of the ^Dssil vegetation are the following : 

1 . The existence of a mighty river or ept\iary at the time of the 
deposition of the coal-mea.<;urcs, would require the existence of a vast 
continent of which tliere are no traces. 

2. The coal iatruta near Newcastle are 380 yards in thickness, and 
consequently, the lowest strMa must have been deposited^at the bot* 
torn of a river or estuary, exceeding in depth, six tima the mean 
depth of the German Ocean. 

3. A continent producing ?uch a river, it is reasonable to expect, 
would liave left an abundance of fossils on its surface, as well as at 
the bottom of it3 great river ; but all the laud for hundreds of leagues 
around the coal and weelden formation swarms with the remains of 
marine animals, and is dearly an andent sea bed. 

4. In the coal-measures not a bone of a land quadruped b to be 
found, or a large timber tree, with the exception of a few Coniferpp. 

5. In order that the vegetation ?hould have sunk to the bottom 
of a deep river, it must firbt have decayed ; hut the plants preserved 
in tiie beds assodated with the coal, present a freshness and perlso- 
tion incompatible with such a condition. 

6. Drifted trees are stopped in deltas only from the shallowness 
of tlie water being insufficient to float them on ; we know of no de« 
posits of trees in deep water. 

* See the Abstract of Mr. Hawkshaw'« Paper, Proceedings, vol. iii., 
|i. 139 1 [or I* A & Phil. Ma«. vol. zv. p. 680.] 

F t 
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Hw mflior tlieii offers the following theory as tSMS^ a pn- 
lenUe explanstum of the origin <tf 'cou-lidds and WeaUen fima- 
ticnu. 

He conceives they were originally swiunpy islands, formed out of 
disjointed fra^ents wbicli rocnlted from the first elevation of the 
rocks; that on these islands grew a luxuriant ve^^etiition consisting' 
of Ferns, Calmuites, coniferous trees, &c. which, decaying and rege- 
nerating, accumulated in the manner of peat hogs ; that the islands, 
by the settling down of llie dialmbed emtt of the eordi, were de- 
pressed heneath the surface of the sea, and covered over with driftad 
aand, clay, and shells, till they were again, hy tills pvooeaa, converted 
into dry land, and clothed with another vegetation ; and he is of 
^opinion, that the opci cition wa? repeated as many tim^ as there are 
alternations of coal and sedimentary strata. 

A notice on " llie Fossil Fishes of the Yorkshire and Lancashire 
Coal-iielda^'' by W. C. WaUamson, Eaq.. was then lead ; of wbidi 
an abstmet is given in No. 65 of the Proceedings. 

A paper was last read, entitled, " A hrief notice of the Oeology 
around the shores of Waterford Haven," by Major Austin . 

In this mcinoir, the mithor describes topoirraphicaliy the geology 
of Waterford liuvcii, commencing' at Bat^ liikI Bun Head, near its 
eastern entrance, and proceeding uiuuad lU chores terminates his 
accoimt at Ballymacaw. The ftnnatioiia of wbksh the distriei eon* 
aiala are, 1. limestone; 9.a con^cmenite; 8. day-alates 4. -varfons 
trap-rocks ; and 5. alluvium. 

1. The limestone constitutes the promontory forming the ca^Jtcm 
boundary of the Haven from Hook Point to the parallel of Sand Kel 
Bay, a distance of about 3^ miles. Some of the beds are of a dark 
colour, and are so fissile as to be used for roohng-slate ; they aie also 

highly sonorous when atmdL with a hammer, and are in eonseqneBoe 
locally called the" Black BelL" In the lower part of the fomatioQ. 
in Bryce's Bay, the limestone is ydlow. Foesils, including spined 

Productas and Crinoidese, compose the greater part of some of the 
strata. Near the conglomerate the limestone alternates with thin 
layers of slate, and at the immediate junction is a stratum of fine red 
sand containing impressions of numerous fossils. The strata, where 
landistorfoed, dip to the S.S.W. at an angle of about but they 
are aometimes considerably contorted. 

2. The conglomerate composes a band about half a mile broad, 
stretching across the promontory from Sand Eel Bay to Herrylock, 
and is of a dcep-chocolate colour. It constitutes Broom Hill, where 
it assumes partly the character of a compact grit, and partly that of 
a coarse compound of fragments of schist, quartz, and other pebblesi 
imbedded in a chocolate -coloured cement \ the quartz pebbles being 
traversed by numerous fissures* Other patcfaea of conglomerate oe- 
eur between King's Bay and ButtermilkCaatle, and are said to Oferky 
the edges of highly-inclined strata of clay-slate. It forms also the 
hills north of the Sulre in the county of Kilkenny, where it is worked 
for millstones, and it composes, with a lew interruptions, the whole 
of the west side of the Haven. 

3. The ciuy-blutu is> extensively developed ou tire ca:;l :iidc ui the 
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Hayea from Temple Bay to Qreat Island at the confluence of the 

Suire with the Nore and the Barrow, forming a series of cliffs, in 
which the Ftnitn nre exrcsseively contorted. It also fr>rme the cliffs 
from the west shore of the Nore opposite Little Island and tlie right 
bank of the Suire ; a small patch of it occurs likewise south of 
FliMege. The contortions in the difie on the east side of the Haven. 
Miyor Austin ascribes to lateral pressure, and he states that the 
ridges of clay-slate range at right angles to the band of conglo- 
merate which traverses the promontory at Sand Eel Bay. These 
contortions are more especially marked and numerous between 
Dollar Bay and Bluff Head, ranging from the top to the bottom 
of cliffs 250 feet in height. At the south point oi Jiouicy iky 
the slate afibrds heautifiil examples of ripple marks. It is stated to 
be perforated along the whole line of coast, by hollows varying in 
size from a pin's point to five inches in length, and to the height of 
20 feet above high-water mark. On the hill above t!ic Roman Ca- 
tholic chapel, north of Duncannon sands, the slate luis n prismatic 
structure. It is stated to have been altered by igneouii operations 
on the west side of Gfcat Island and in Little Island. Near Bally- 
hadt the cleavage is diagonal to the plane of stratification. 

4. Trap forms at Herryloek a mass protruding from the beach ; 
also the narrow jioint on which Duncannon Castle stands, where it 
is stated to rest on the tilted edge? of clay-slate, and to have altered 
that rock into an indurated, stratitied, yellow stone. A basaltic dyke 
occurs opposite Great Island on the Kilkenny side of the Nore. It 
rises ahruptly to the height of 100 feet, and from its white colour, 
due to the decomposition of the felspar, is called the White Horse. 
A considerable mass of trap is also at the Orpluin School House ; and 
other masses at Cheek Point in the bend of the Haven to the south* 
ward, and at Newtown on the western shore of the Haven. 

5. Alluvium. Modern accumulations occur m Dollar Bay ; Ald- 
ridge Bay ; to the north of Bluff Head, where a layer of slate shingle 
is converted into a coarse conglomerate by carbonate of lime; be> 
tween Bluff Head and Duncannon, constituting the Duncsnnon 
sands, and extciidinjr inlaTid up a small valley, in which is a peat 
bed ; the narrow valk y at King's Bay or Arthurstown ; to the south 
of Dunbrody Abbey ; and in Woodstown valley, on the west side of 
the Hayen. Major Austin states, that greenstone boulders occur in 
all parts of Weiford,lmt that no rock ta situ of character similar to 
them is to be found in the county. 

December 4, 1839. — A paper was first read, entitled "A Descrip- 
tion of the Soft Parts and of the shajje of the Hind Fin of the Ichthyo- 
sauni?, as when recent," by Hiehnrd Owen, Esq., F.R.S., F.G.S. 

The osseous frame- work of the hu of the ichthyosaurus, Mr. Owen 
observes, having alcme been the subject of dirnst examination, the 
exact shape and the nature of the soft parts had been matters of 
conjecture. A very striking deviation from Uie reptilian and mam- 
malian types had, indeed, been recognised, and resemblance also to 
the fins of fishes had been admitted in the digits of the fin exceeding- 
hvcj in their being sometimes bifurcated, and in consistiiig of an ex- 
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traordinary number of oa&icles ; yet owing to the form of the digital 
ossicles, their breadth and flatuess, and their large size, as compared 
wtth the joints of the fin-zayt of fiihet, it had heea gmnUy sop- 
pooedthat the locomotive organs of the Idithjoftunie were en** 
Tcloped, while linng» in e smooth integoment, which like that of 
the turtle and porpoise, had no other support thaa was afforded by 
the hones and ligaments within. 

Sir Philip Grey Egerton in a recent examination of Ichthyosauhaa 
remains in the possession of Mr. Lee of Bamnr-on-Soar, delected^ 
with the penetration whic^ has enabled him to bring to light many 
other obscure points in the structure of the Ichthyoaauros, traces of 
the soft jmrts of the fin in a slab of lias containing a mutilated pad- 
dle ; and having submitted the ?pcciraen to the examinntion of Mr. 
Owen, a detailed account of its character iorms the subject ot this 
memoir. 

Mr. Owen considers the spedmen to be a posterior jSa^ of the 
JdUkjfogaurus communis . 1 1 presents impressions and fraetured por- 
tions ol mx digits* with the impressi(Hi«-— and a thin layer, most di- 
stinctly pre9er^'ed, — of the dfirk carbonized integument of the ter- 
minal half of the fin, the contour of which is thus most beaudfuUx 
dehned. 

The anterior margin is formed by a smooth unbroken weU-marfced 
fine, apparently a duplication of mt integument ; but the whole of 

the posterior margin exhibits the remains and impressions of a series 

of rays by which the fold of the integument was supported. Imme- 
diately po'^tcrior to the digital ossicles, is a band of carbonaceous 
matter of u distinctly fibrous structure, var}'ing from two to four 
lines in breadtli, and extending iu an obtusely-pointed form for an 
ineh and a half beyond the digital oerides. This band Mr. Owen 
believes to be the remains of the dense ligamentoua matter which 
immediately unvested the bones of the paddle, and connected them 
with the enveloping pkin. The ray*, above mentioned, are continued 
from the posterior edge of this carbonized Iigamcutuus matter, in 
which their bases appear to have been implanted, to the edge of the 
tegumcntary impression ; the upper rays being directed tratwvendy, 
but the others gradually lying more in the direction of the asia of 
the fin, as they approach its tennination. The most intensting 
feature in these rays. Mr. Owen says» is tihdr biforcating as they 

approach the edge of the hn. 

From tlie rarity of their jireservation, tiicir appearance and co- 
existence in the present instance with remains of the integument, 
he states, it is erident they were not oeseons, but probably either 
cartilaginous, or of that albuminous horn-like tissue, of which the 
marginal rays consist in the fins of the sharks and other plagio- 
stomoii'^ finbcM. Ik'sides the impression of the posterior marginal 
rays, the specimen !> resents a series of fine, raised, transverse lines, 
which cross the whole hn, and probably indicate a division of the 
rigid integument into scntiform compaxtmenta* analogous to those 
on the paddle of the Turtle and webbed foot of the Crocodile ; but 
they differ in the ahsenoe of Bubdiriiioii by aecondayy tongitwdinal 
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impressions. The structure of the integument of the fin a^ees, 
therefore, with the known reptilian characters of the skeleton ot the 
IditlijOMiinu ; and* ts the ilmtHtli its iqipendages gives a ehsrso- 
ter to Hie great primary groups of vsrtebrata, it might be expected 
that the slon of the Ichthyoeaurus would exhibit S0019 ol the ohsr 
ractcrs of the integument of existing reptiles. 

In conclusion, Mr. Owen remarks, that the other new facts pre- 
sented by the specimen, accord with the vindications of the natural 
sffinittes of the lehthyossnri sfibrded by their less perishable ve- 
mains ; and that all the deviations from the reptiliaii stroetuie of 
the akeleto& tend to the type el fishes and not to tiiat of eetaoeous 
remains. 

A paper was aftenvards read on as much of the great graywacke 
system as is comprised in the group of West Somerset, Devon, and 
Cornwall, by the Her. D. WilUsms* F.G.S. 

Hiis cotnmuniestion Is snpfdementary to one read in April 1839*, 
and contains the results of the author's last investigatieii into the 
structure of the coimtn''. Before he details hi<» present view*?, he cor- 
rect'^ what he conceives was an error in hh former paper, and states, 
he is now convinced that the slates and limestones of South Devon 
and Cornwall eie not a prolongation of the trilobite slates (No. 7)f 
of Snnoor« but n distinct formation superior to the fiori&rovs gnts 
or culm messnres (No. 9,) of central Devonshire, and consequently 
the newest deposit? nf the country. For this formation he proposes 
the luirne of Kiiias or Cornish, and he considers it as No. 10 in the 
ascending series. According to the new arrangement therefore, in 
proceeding from those parts of West SommeiMfdering the Bristol 
Channel to the sooth of Devon and CaniwaU»he conceives a regular 
aseending scries is passed over, the oentnl poftion of which he ii of 
opinion, consists of the floriferoii? grit or culm meapures (9). He 
places the whole scries a]«o in the fj^ruyAs acke gyttetn. 

Mr. Williams's reasons for this arrangement are drawn from ob- 
servationa made at several loealitiea in South Devon. 

At Doddisoombe I^eigh, about four miles to the north of Chud- 
leigh, the Posidonia limestone, a member of No. 8, the Coddon Hill 
nrit, underlies, Mr. Willifims my&, a long series of alternations, 
ex]io«!ed on the turnpike road towards Chudleitjh, and consisting of 
high hills of Coddon and flonferous grits with intercalated killas, 
Ihe whole dipping beneath the oorsl limsstoneB of Ghudleigh, which 
pass under the ridge of Ugbrook considered by Mr. Williaios to be 
composed of floriferous grits. On dosely eianunuig the Umeetones 
about Chudleigh, the author d is covered minor altematunui, whieh 

* See Rroceediofi, vol. p. 115, [or L. & E. Phil, Mi|g.» vol. xw^ 

p. 396.] 

t The foltowine is the descending arraneement given in Mr. Williams's 
former paper: 9, floriferous dates and saiiiutones (culm meaturet); B, Cod* 
don Hill grits; 7> trilobite dates; ^ Wollacomb sandstones; 5, Morte 
slate*;; 4, TrentT-^hoe slates; 3, calcareous <?!ntc«; nf Linton | fig Forslsod 
or Dunksrr^ 6andi»tonei 1* Cannii^on Park hmettons. 
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etlubited in juxtaposition the several varieties of Cornii^h killas, pale 
green, light blue, ^vn\ purple volcanic ash andGoddi n TliU g^rit.s ftlie 
two latter contaioing plants), intcrstratificd beyond any doubt amurk^ 
the coral limestones, and these limestones inclosing carbonaceous 
beds, underlaid and overlaid by thid^ accumulations of Coddon Hill 
and floriferooB grits. On tiw imui \xf Orayleigh* ud dosooid- 
xng further on to Waddon Burton, Mr, WiUiuM hat tneed these 
alternations foot by foot, and he says the sequents are so nuuufestly 
palj)H])k< in thpir interchnngM, gTMt and «inaU, that notfaiBg ift kit 
for inference or conjecture. 

The inseparable connexion of the coral limestone and Cornish 
killas with the fiorifcrous series, he states, is also most plainly ex- 
hibited to the NJB. ol Kingsteignton, ait AMmAML, Newtnn 
Bushel, Ahbota, and King'a Kerswell, Maildon, Beitj Fonaraj. 
llinrher and Lower Yalberton, and thence to Brxxham and Yimtj 
Head. At Meaclfort ?nnfi«, on the fonth, the mitbor pny?, there is 
a stmnire intrrmixhire, yet in regular stratified order, of Cornish clay 
slate, Had buir c oloured, finely arenaceous beds inclosing shells and 
corals, with true Horiferous sandstones containing plaats, also with 

edmy sktes, and atiafea of Tokank aah an4 ooial ]tBMatooea» £wMn^ 
an anticlinal «da. TBttging north and iooft, and thnnnngoffth^ 

mass of the Torquay limestones to the east and west. 

To the east of Dartmoor, Mr. Williams has little doubt the same 
alternations on a great and small scale occur, as far the parnllel 
of Torquay, immediately to the south of which line, but we^t of the 
bay, are said tu be lofty conspicuous hills of the fiunlcruus strata (No. 
9), which ho oonoeim " nuty be abroptioiia*' s bnt their baaea we 
oonmonly oo ne e a l e d a Inkdc nnntjo of now sad aandatoiio* 7o 
tiK w(\^t of Dartmoor, independent of "vAafe ho beBofo a to be an axis 
of No 8, and forming the southern margin of the culm-trough, 
Mr. Williams has been led to conclude, that the floriferous beds, by 
other arcs of undulation, have broken through the thinner northern 
border of tiie iullas, throwing it off on each sboulder and intercejiting 
it in trougha. Iniitancea of tiiii, ho aaya. an aoffieiontly appo* 
lent on eneh aide of a lino drawn from Gioatoa Bridge on the 
Tunar* S.E. of Launceston, to Heath Field* north of Tavistock ; the 
high central ridge consisting of floriferous and Coddon grits, flanked 
on the north by undoubted killas anfl volennie a«h nnd ])reeeiR, To 
the N.W., W.S.W., and S. of Greston BritiLct , tlu- ti jriferous 
series is stated to be exposed in great force, extending ulmost un- 
mt e wipt adiyitt a straight line into the great body of ti^ calm-field ; 
bat to the woat it ia aaid to be genetelly ooneealed by kiUaa> though 
o oontinnona contracted range btancfaea off to the wo a twai d by 
Lezant, Lawanick-down, and Altemau ; and it appears to be depressed 
under, or to pass into the killaa and apedded datea of Davidstow, 
N.B. of Gamelford. 

A small urcH of an inverted arc of undulation is exposed in and 
around I'avistock ; and the floriferous grit, principally identified by 
ita aaaociatad afaitea» ia atatad to underik the hi^ Jdlka laage oif 
WhitcomboDown o» the ewth; iadoBthemllilobekadflpenitt 
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tiw md to Launcestx)!!, similariy anomted , with the additional ac- 
companiment of intercalated kiUas and Coddon Hill grit dipping 
beneath the volcanic ash of Mnrly Mead. Mr. Williams also mentions 
a shaft sunk in a copper lode c iuse by the turnpike ^te on the road 
from Tavistock to Callington, as another instance of tioriferous grit, 
or a rook ezAcdy the same as that which contuw tho oopper kxte of 
Wheal FmnMaig^ vnderljiiig jmle green tbte or kUke: and be 
addib there am be no ^donbt taoi Whod FnuMap mine is ia No. 9 
or the floriferous series. The next instance mentioned in the paper, it 
at Linkin^'horn nyid Sonth Hill, nnrtb of Callinj^ton, where there is 
stated to be an entire suite of alternations of kilius, Coddon grit^s, and 
floriferous grits with plants, all dipping south. Again, near i^iiiaton, 
between Callington and Saltash, there are said to be countless minor 
•itefMtk»B of flociferou and Coddon grits, each dniming out and 
interlocking like the teefeb of a trap. Anodier mitance of the killaa 
Ofodyiog tibe floriferous grit, is said to occur in a hill at Penter'a 
Cross on the road from Callinq;ton to Srdtn^h, M-hcrr n cuttings cx* 
bibits id tiie lower j)art, a series of alternations of tionferous sand> 
stone, and culmy slates which in a&ccndin^ disappear, and in their 
place a delicate pale |reen kiUas alternates with the sandstone 
bedi,iriiibi at the Munaut the t n ndetenea diaqipear and are lepiaoed 
altogether by killae. A fimlt trare ieea the Inll, and to the toiA of 
it only hiUas occurs. 

The general result^ of his obscr\'ations, Mr. Williams eays, 
show, that in the ascend iiio: order, from Cannington Park and the 
Quciiituckb in Somersetsiiire, to the land's End, there is a group 
constituted of ten strikingly simple, consecutive series, severally 
nurjring in their mineral aiul aoologieal ebaraeter; tfiat aa reqiieoti 
tlM Hmestone suites, the thin and spare dtmenmM of snob as ooenr 
in the Trilobite slates of Ezntoor (No. 7) render Ihem too insignifi- 
cnnt tn be noticed; that the Po^idonifi limctonee, whir!i by minernl 
l^rriihitioii succeed and contormahiy overlie the latter, arc elli{)tirally 
included in the Coddon Hill grits (No. 8), and tOETCthcr difelinctiy 
underlie and constitute the base of tlie great florilerous series (No. 9) z 

that higher op hi No. 9 ie an eitended liaiison, "whkk eepentee tte 
■erica into an upper and & lower, containing the Bempton, HcMk- 

worthy, Holcomb Bogus, and Hastieigfa iivestones, with red and 

black slates on the north; the Petherwcn and Landlake slates and 
limestones on the soutli ; and the entire suite of coral limestones to 
the east of Dartmoor, extcndinc: from Chudleigh to Berry Head 
and Bnxliam : that the Plymouth limestones included in the killas 
(Ho. 10) are higher in the group than tiioae joat mentioned, and 
are introdneed irat at Millaton, about n nito and a half weet of St, 

Oermains. 

Mr. Williams considers the slate or killas series of S. Devon to be 
distinguished from the slates of Exmoor by a peculiar extraneous 
clcavasre. In E.xraoor the cleavao-e, lie ?ays, is at all angle?, fmm 
less than iO^ to the vertical, its planes having a direction of about 
eeetandmet $ wldbt the eleavage lines of the biUee eiAer eeiadde 
tte MegBetic «r tnie BMndJu^er depart fim it to fhe eait or 
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weet onlv a few degrees, and the inclination approaches the vertical 
with a strike N. and S., or nearly perpendicular to that of Exmoor. 

What, says Mr. Williams, are the results, if the question be tested 
by tiie Bwumed law, that ttmte imy be identified by their omnie 
remains } If the Poeidoiuse and Goniatites of the lenticular* black 
limcEtones, never exceeding thirty-iive feet in thickness, be appealed 
to, to identify them with the mountain limestone, the weiirht of 
organic remains opposed to them in the Launcestuu and Petherwen 
fossils, the corals and other organic remains of South Devon belong- 
ing to the floriferoiM seriet, lednees the evidence todntt. if minenl 
chaiaotew be app( alcd to, he taya, they fail altogether. 

In conclusion, Mr. Williams remarks, that in this supplement, he 
has endeavoured faithfully to transfer the simple truths of nature to 
his pages, without reference to the theories of others. He would, 
however, remind geologists that the proposed law of Mr. W. Smith 
is no law, if it do not imply a fiiul and nniveml extinetioD of 
•peciea. This being his own view, Mr. Williams says, he oonld not 
admit that the Goniatites and Posidonire of Devonshire were first 
introduced and became extinct with the mountain lime^^tone, being 
justified by the fact of superposition, and more reasonable analogy, 
in concluding that these genera existed elsewhere in congenial con- 
ditiona daring the entire period of the depoeition of tM Trilobite 
slates, when that fonnatioa ceasing in Deronduie, the ova of the 
creatures or the creatures themselves were transported to a region 
favourable to their existence, and were continued during epochs of 
duration up to the period of the mountain limestone, and probably 
beyond it, if they be not now in existence. They appear, in his 
opinion, lUce the oorala of Devon, to have been suligeet to npeated 
mineral accidents, and to have been locslly destroyed in groopa, 
not univrr?nlly effaced in species. To guard himself, however.* from 
misconstruction, Mr. Williams adds, he bclifvps entirely in the ex- 
tinction of genera and species ; but at very distinct epochs, and m 
far thicker and more extended group of strata than is imagined ; 
and that oooseiiuently the identification of strata most be regulated 
by a per^<cent^;e test similar to that applied by Mr. Lyell to the 
tertiary series. Lastly, he protests against the determination of 
the age of the Devonshire formatioxis by reference to the structure 
of a foreign district. 



PR0CBBD1MG8 AT THE FRIDAY-EVENING MSETINQg OF THS 

ROYAL INSTITUTION. 

Mav 1 . — Mr. Griffith* on the sources and n«e8 of sulphuric acid. 
May b. — Mr. Farudivy on the origin of electncity in the Voltaic pile. 
May 15. — Mr. Macilwain on respiration and its relation to ani- 
mal tempeiatnre. 

May 22. — Mr. Brande on white lead. 

May 29.— Mr. l^rnckcdon on some new applioationa of caontchoue. 

June 5. — Rev. Dr. Scoresby on mnn^netipm. 

June 12.— Mr. Carpmael on the manuiacture of wire cards. 
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XIL htUUigenee and BUsedkmeom Arlides* 

IXTTBB TO PROF. LIEBIO ON THE TUEQilV OF SUBSTlTU- 
SlE, 

1 HASTEN to commiiiiieale to yon one of tho most brilliant fiieto 
of onganio chenuitry. I have verified the theory of tubedtotiotte 

in an extremely remarlvable and perf^tly unexpected manner. It is 
only from the present time that we shall be able to appreciate the 
high value of this iiigeiiious theory, and to foresee the immense dis- 
coveries it promises to realize. The discovery of chloiacetic acui, 
and the eonttancy of the typei in the ehlorinated (ckhrit) oompounds 
derived from ather and tiie chloride of vthyle^ We led me to ex- 
periments which I will now deacribe. I paaaed a current of chlo« 
rine through a solution of the acetate of mnn j^ese under the direct 
influence of =olar light. After twenty-four hours I found in the 
liquid a superb crystallization of a yellow violet salt. The solution 
contained nothing further tlum this salt and hydrochloric add. I 
analysed this atdt : it was the chloiacetato of the protoxide of man- 
ganese. Notiiing extraordinaxy as yet ; a rimple substitution of the 
hydrogen of the acetic acid by an equal number of equivalents of 
chlorine, already known from the beautiful experiments on chlora- 
cctic acid. This salt, heated to 110° in a current of dry chlorine, 
was couvti feed with disengagement ui ua,ygeu into a new compound 
of a gold yellow colour, the analysis of which had for its composi- 
tipn to the foimttht Mn C12 + C4 CI 6 O 3. There was therefore a 
snbstiturion of the oxygen of the base hy iddorine, similar to what 
has been observed in a multitude of cases. The new sub«t-n nee 
dissolved in quite pure chloral with the aid of heat. I employed 
this liquid, unalterable by chlorine, in order to continue the treat- 
ment by means of this agent. I peised dry ddoiine during four 
days, keeping the liquid constantly near its boiling point. During 
this time a white substance was constantly deposited, which, when 
attentively examined, proved to be the chloride of protochloride (?) of 
mang-nnese. 1 cooled the hquor when all precipitation had ceased, 
and obtained a third body in small needles, silky and of greenish yel- 
low colour ; it was G 4 CI 10 O 3, or in other terms it was the acetate 
of manganese, in which all the hydrogen and the oxide of mangiF 
nese had been replaced by chlorine. Its formula should be written 
CI 2 CI 2 + C 4 CI 6 O 3. There were therefore six atoms of chlo- 
rine in the acid, the four other atoms representing the oxide of 
manganese. Just as hvdrot:;cn, so alj-o niunc^nesc and oxyjren may 
be replaced by chlorine, and nothing surprising will be found in 
this substitutioD. But this was not the end of this remarkable 
series of substitutions. On letting a new chlorine act on a solution 
of this substance in water, there was a disengagement of carbonic 
acid ; and on cooling the liquid to + 2", a yellowish mass, formed of 
small lamine, was deposited, very much resembling the hydrate of 

* From ioebig's Journal dtr Ckcmic und Fharmacie, vol. xxxiii. part 3. 
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chlorine, and indeed it cnn5«istpd nf nothing further than chlorine 
and water. But in takinij^ the density of its vapour i found that it 
WH"* formed ut twenty -fuui atoms of chlorine and of one atoiii of 
water. Here tiien is the most perfect substitution of all the ele« 
maiti of the acetate of Buoganew. The fbffranla of Hw aotbalBiiee 
thoeU be cxp f e aw id by C12C12 + CIS CI 6 CI 6 + C19. Al- 
though I am aware that in the bleaching acdon of ehkMine there is 
a substitution of the hydrogen by the chlorine, and that the stuffs 
which are at present blenched iu England, according to the law of 
substitution-, ])rc-erv( their types*, I nevertheless believe that the 
substitutioa of carbon, by clilorme, atom for atom, m a discovery be- 
longing to me. I trail yoa ^RriU take a neBMiwid» of thia note 
m your eahMUe Jmotl, and helieffe* 9uh, 



ON THB VOBtf ATIOV OF tAHHC AQD. 

Laminc acid, acx^ording to the experiments of Stas and Martins, 
u a mixture of formic and aldehyd acids. Mr. ft. F. Marchand 
states that tliepe acids vary in tlieir resp^tive pro|>ortions in the 
combination according to tlic tii[i])t l aturc of the piatina wire gciu ra- 
ting the acid, and that tiiey may be ub tamed in a constant propor- 
tion, which may be nearly accurately determined when the experi- 
ment IS made inlh alcohol or «ther. - When alcohol or sther ia 
dropped upon a red-hot platina dish, the peculiar phsenomenon is io- 
stanUy produced; the liquid runs about the red-hot metallic sur&oe 
without quickly evaporating, and forms the known fignre? which have 
been described by liocttt her. Tlie vapour maybe CDllected by put- 
ting a tubulated glass rettu t with the bottom off over the platina dis'h. 
By pouring fresh liquid tlirough the tube a considerable quantity may 
be ohtalnM in a short time« Upon examinatioii it ia easily aaeero 
tuned that it is no longer alcohol, but possesses all the properties cC 
lampic acid. The oompontion, or rather the mixture of the two in* 
gredients, varies accordinti^ to the tempcrnture of the platina dish, in 
the same manner as tliat produced by phitina wire. In order to as- 
certain whether the ellcct^was peculiar to platiua, Mr. Le Marchand 
tried glass, porcelain, polished copper and iron dishes ; these also pro- 
duced Ihe same effects. They must, howeyer, be polished and not 
preaent any rough suxbces; in the latter case tike peculiar eff^t waa 
not produced : it is also not produced when sand or glass is strewed 
over the platina dish. 

Tlie temperature to which the alcohol rises varies (as is the (^ise 
with water) hccoiiIuil: to the heat of the dish and to the size of the 
drop. Witli water jMr. Le Marchand found it veiy accurately be- 
ginning at 180°, indeasing to 204^ and then to 212" Fahr. : arrived at 
this pomtt the experimentb orer, by the boiling of the water. Tim 

* I have just learnt that there are alr«uiy in tbe slK>pf of London Uu&b 
ia ipua chbrme iii^ em dUare^), auMh hi teqasft, and piefiwsd te 
ete^thmg for n^Mpi» diawen» &e. 

t ISckwmder we pretiune msans Hoaxer."*£iuY* j 
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••me takes place witli tegard to •looliol ; the temperature , licginmng 
at 140**, rises at last to tlic boiling point of the liquid. When this 
takes place, the greater part of the nlcohol burn« ; but before the 
burning commeiK t light blue liames are visible, which Dccbereiner 
ako observed upuu the vaporization of iether dropped oa hot platina. 
Mr* R. F. Muciiand wiihes to gmord agsintt the inleiaiee that m^lit 
hb dmwB from tbb experiment, that he considered that the liqoicb 
used were decomposed. The formation of laitaipic acid is based upon 
the fact, that the undecomposed vaponr of alcohol passing within a 
certain distance, immediately over tlie hot metallic surfnre, is oxidated, 
which is also the case with platma wire. If the vapour were in ac* 
tnel eent^ot wilii liie neldlie eiiifiioe it woM hiflane. 

Bolli csperimenfti ere a confnoatioii of Boff*s explanatioii ol the 
repulrion in Poggemlorff'a Annals, xxi.^ ^hich is so full and satia* 
factory that it h unnece^<sarv to look for any further elucidation.— 
JmanuU f&r Fratiscke Chemie, 1840. No. 1. 



ANALYSIS OF THE ASHES OF THE Sdlsola TrOgUS, 

M. Guibourt has analysed the ashes of this plant firom the neigh- 
bourhood of Cherbourg. He found that it consisted^ independently 
of some silica, of 

Carbonate of potaah... 39*04 

Chloride of potassium 17*89 

Sulphate of potash 4*98 

Carbonate of lime 40*26 

Phoqphate of lime and oxide of iron 7 '88 



100. 

M. Gnlboortobecnres, that it U enriooa thai the lelts of the aahes 
should contain poteah as the alkali, and that it constitutes an ex- 
. cc])tion to a maritime plant containing no soda. — Jmam» dg CJUm, 
Med. Mars, 1840. 



UNCOMBINED HYPOSULPHUltOUS ACID. 

M. I^nglois, piofc=sor of cheuiiitn,' at Strasburj^, has succeeded 
in isolating hyposulphurous acid ; he obtained it perfectly pure by 
decomposing liypo>>ulphate of potash* with oziehiaric add, whica 
forms an insoluble salt with potash. 

The aoid thus obtained is liquid, colourles<!, and of a slightly 
^rrupy ron«i«tencc. A jjcriod arrives when its density cannot be 
increased without ])artially decomposing it. Its taste is strongly 
acid and bitter ; it does not appear to be very caustic. When ex- 
posed to the air, it attracts moisture, when heated in a glass tube 
to 178* Fshr., and there are produced a depont of sulphur and sul- 
phurous acid gas. It does not render the solutions of the sslts of 
lime and strontia turbid. It produces no eifect upon the solutions 
of the salts of iron, zinc, or copper ; but with the salts of lead it 
yields a white precipitate which becomes black when heated, (n 
the sohitaon of nitrate of stiver it forms at first a yellowish preoi* 
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pitite, whieb looit becomes Uadc, and sulphniek and sulphate of 
silver are produced. The salts of mercury aod pktina aie precipi- 
tated black by this acid ; and it will be observed that it acts OH £bo 
different salts in the same wny as hyposulphate of potash. 

Nitric acid reacts instantaneously on concentrated hypo^nlphu- 
rous acid, nitric oxide is evolved, Bulphur is deposited and the solu- 
tion oontains aolphiirio sold. The aietioii of ehloario add is not leas 
remarkable than that of nttrio acid; the deoonqKMitton of botii 
adds ooenrs instantaneonily, with tumultuous action; sulphur and 
chlorine evidently appear, and reagents ?how the pre^^ence of sul- 
phuric acid in the solution : the phcenomcna are similar to those ob- 
served when chloric acid id dropped ioto alcohol or sether. In this 
latter case as in those also happens inflammation of tiie excess of the 
eombostible body.— L'/nslilaf, No. 837. 



ON THE PRESENCE OF IODINE IN COD OJ U BY R. F. MARCHAND. 

Tiie different stfitementH of chemists with regard to the prLi<;nce 
ui iodine in cod oil (Lcbertiirane) appear to have aiisen from tlie cir- 
cumstance of those who have not found it havin^^ examined impure 
oil. Ck>d oil was examined by a chemist of tins place which had 
been received du-ect from Beigen, without his having succeeded in 
detecting any iodine in it. 

As in all probability its energetic action depends upon the pre- 
sence of iodine, that statement might lead tlic medical professor to 
reject Bergen cod oil. I have also received cod oil from the same 
source wMoh was certainly pure, t examined it according to 
Gmelin's method {Ann. derPharm,, B. xxxi. p.5S3.) which is both 
a simple and sure method. This indicated the presence of iodine in 
a manner about whicli there could not be the least doubt. Twenty 
gmmmes was about the quantity acted upon. — Joumal/ur Frakli- 
aclie Chemie, i84U. No. 4. 



MR. M'cORD's observations ON THE HOLAR AND TERRSSTIUAL 
RADIATION MADE AT MONTREAL. 

A Meteorological Register tor 1838 wR*t some time ''iiicc kindly 
cummuuicated to us by Dr. Daubeny, kept at Montreal, I<ower Ca- 
nada, in ht. 45'' SO^ N.. Ion. 1^ 39' W., by J. 8. M'Cord. Esq.. 
Corresponding Secrstsry to the Natural History Society, and Mem- 
ber of the Literary and Historical Society, Quebea It is an abs- 
tract of observations of the Barometer, lliemioTTieter, Rain Onnj?:e, 
ISnow Gauge, Actinometer, and Reg;ister lliernioraetcr ; all made bv 
the first British artists, and carefully compared witli standard instru- 
ments. 

The mean pressure of the year, corrected and reduoed to SS^FSshr, 
is 29-884 in. ; the mean temperatore, (mean of maxima and miaiom 

by Register Thermometers) 41***68. 

We extract the ob^cn-ntion? of the solar and terrestrial radiation 
entire, principally because so few observations have been made pub* 
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lie, or even we l>elieve instituted, with the Actinometer, la initru- 
ment which we arc glad to see appreciated by distant observers. 



SOLAR RADUTION. 


REMARKS. 1 


DAY& HODK 


2 


3 


4 


WSATBIB. 


These oiMenratlona were made during the 
warmest and t>richtest days of July, on the, 
Montreal mountain, place of (rtMcrvatfam 
S07 Aet above St. Lawrence. Tli^jMOk 

lumn gives the day and hour ; the MMm!^ 
the indication of Sir John HerscMIl AeCL 
Dometer.— 4)y Robinsoa, London,— moanof 
three ob»ervations ; the third, the tempers- 
tureofairln tbn ehade, Th ermometer A Iteet 
above theeulilt tbe/ourfA, the indication' 
of the Thermometer placed in the tun on 
garden mouk), not blackened, after an ex.1 
poiure often minutes. N.B. This Actino- 
meter was, in Sept. 1897, oeaparad on the 
same spot, with onela tbe poMMioa of Dr. 
Oaubeny, of Oxftwdb waA pcf 


Sfl 
S7 

Aqf* S 


A.M. 
11.00 

n;M 

Noon. 

1S,30 
J, 30 

Noon. 
4 P. M 

Noon. 
9 P.M 

Noon. 
Noon. 

9 


IS'&O 

17(19 
19-50 
90-00 

SO- DO 
30-00 
U'(57 
1707 
iyo5 

19*50 

iirso 
17-so 


68 
60 
09*5 

?5 

73 
71 
77 
77 
78 
8S 
73 


114 
133 
118 
130 
116 

04 

08 
101 
105 
100 


Clear. 

A few light clouds. 
Clear. 

Fleecx ckmda. 
Perfiectl J filMT* 
Clear. 

Clear, blowtOigfrcsh. 

Clear. 
Clear. 
Hear. 

Oear, nradlteMK. 
Clear. 




TIBBB8TBIAL 


RAB 


UTION. 




BAT. 


2 


3 




4 


wind 




The^r<^ column indicates the 24 hours 
during which the observation was made,' 
reckoning from 9 A.M. of one day tog A.M. 


1 

- 
< 

Aug.j' 

1 


IS to 10 
t9toS0 
Btoss 
».toS7 
17 toss 
iStosp 
flto 7 


00 

73 
71 
7S 

7« 
80 

78 


flo 
54 
55 

% 


50 
50 
50 

*9 , 
03 
65 1 
0B 


NW. 
do. 
N, 
SE. 

SW. 

SW. 

SW. 


Clev. 

do. 

do. 

do. 

do. 
Showery. 
Cter. 


of the next; the fccwn*/ giv<M xhv max. of 
the Tliermometcr in tht- shade, for the 
daine jit'riod ; thelhird, themin., tin- /indrlkJ 
the iiuluMtiong of a register spirit Thcruio- 
metiT, {il.ircd on a gra^i plat and exposed 
freely to the heavenn during the night. All 
these in«truinetii.<i are made by orst ar. 
tlsts. British, and cateftiUy camgnrad with 



METEOROLOGICAL OBSERVATIONS FOR MAY, 1840. 

(Amokk. — May !• Slight hue : fine. 2-~4. Hot and dry with easterly wind. 

5, Ofcmst 6t 7. Slight has*. 8. Hatvy ihowcvs t floa. 9. Rain with mltfy 
iaiarvals. 10. Cloudy: aultry. 11. Drixzly. 12. Overcast. 13. Rain: sultry. 

14. Cloudy and fine. 15* Heavy rain with thunder. 16. Cloudy : showery t 
haQslMwcrat v.K. 17. Rate. 18. Cbodytiidfinei rain. lff,9aCloady 
and cold. 21. Clear and cold. 22. Overcast. 2:1. Clc.ir and fine. 24. Over- 
cast: rain. 25. Cloudy. 26. Rain. 27~da Very iiue. SI. Hot and dry: 
dMidlasfc 

J w lw i.— May 1. doiidy. 9—4. ftna. S, 6. Ooody. % 9, doady : rain 

early A.M. : rain p.m. 9. Rain: rain early a.m. 10 Cloudy: rain early a.m. 
1 1. Rain : rain early am. 1 2. Cloudy : rain early a.m. IS. Rain. 14. Cloudy : 
ndn with dmndar and b'ghtning r.M. 15. Rahu Itf, 17. Cloady: rain A.11; 

and P.M. 18,19. Cloudy. 20. Cloudy: rain p.m. 21, 22. Stormy. 23, 24. 
Qoudy. 25. Stormy : rain a.m. 26. Rain : rain a.ji. 27. Cloudy. 28. Fine. 
9B» fltafiny. 30,31. VUm* 

JpjJegartk Maiuff J hu i U i i t i Abtd ' M ay 1, 8. BcautUU iaf» 9» The aana : 

Thennoinctcr in sliadc 75". 4. Very dry and warm till p.m. 5. Very droughty. 

6. The &ame increased : cloudy. 7. Slight sbowen all day. 8. Tbe aanae a.m.: 
elcamlop. 9. 8Kght ihowcrs aariy a.w. la The same : tbonder r.M: if. 
Rain heavier. 12. llain nearly all day. 11. Fair. 14. Showery r.M. : thunder. 

15. Occaaional showers : thunder. 16. Rain preceding night : clear day. 17. 
Beio in the night t fair. 18. Frstb and oooL 19. Dry and rather bomeitms. 
Ml Dry and more tnoderale. 2 1 . Very dfCWghly : clear sky. 22. Calm and 
warat. 2S. Showery : high wind. 24. Showery* 25. Showery, and very hiob 
wind. 98. Fkeah and showery. 87. Fine aji. t wet r.Ki S& Voy wet oil 
AM. 99baaFfaM|pviiiiif diqr* 9it VM^ik^mumKftwmffmbtg, 
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XIIL On the Theory of the dark Bands^fiimed in the Spectrum 
from partial Interception hy transparent Plates, Dt/ the 
Rev. Baden Powell, M.A.y F.H.S., F.G.5., F.Il.Ast.S,9 
Samlian Profeuor qf Geometry in Ike UmversUyof OsfordK 

( 1 .) npHE phamomeaoD of peculiar dark bands crossing the 
prismalic spectrum, when half the pupil of the eye 
(looking through the prism) is covered by a thin plate of any 
transparent subBtance, the edge being tomed^om the violH 
towards the red end of the spectrum, was first described by 
Mr. Fox Talbot in 1887 (Lond. and Edinb. Phih Mag. and 
Jonmal of Science^ toI« z« p. 864.) » who showed that these 
bands nre due to the interference of the two halves of each 
primary pencil, one of which is retarded by the plate. 

(2.) Sir David Brewster has given various new modifications 
of these experiments (British Association Reports, vol. vii. 
Trans, of Sections, p. 13.), the most materia! of which tend to 
show that the effect is fully proclucecl u?iii/ wiien the plate is 
in the position just described, and tliniinishes and disappears 
aii it revolves in its own plane ; the same observation being 
also extended to the case of tlie spectra formed by inter- 
ference from grooved surfaces, or gratincs. 

(3.), The explanation mven hr Sir. Talbot accoonta for 
ikg ]^vAieHo» ^ tke iami ski^ltfyf but assigns no reason why 
the Wteroeptioa must take place on one ade more than the 
other. That it does s0| is considered by Sir David Brewster 
as iiklicati^g an entirely nrju property light; having refer- 
ence to the diffisrent sidei of the pencil related to their posi- 
tion of greater or less refirangibility, and which he has noc 
inexpressiTely termed a peculiar polari^* ' , 

* Communicated by tlic Author. 
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(4.) My atteution was drawu to the subject in the course 
of last summery when I repeatied the experiments, and demed 
several new roodificatioiis wkh referenee to an explsnstiaQ 
wbidi it appeared to me was supplied by die ondolatory 
theory ; to tiiese investigations I rmrred briefly at the Bir- 
mmffbam meeting of the British Association, 1 839. For se- 
yeral reasons (on which i need not here enter) I hvve delayed 
publishing any details ; nor should I do so now, but that ha- 
ving learned that Mr. Airy has recently pursued the research 
to many entirely new conclusions*, I am anxious to put on 
record the few points I liave been able to establish, and to 
vindicate my views from misconceptions to which they have 
been exposed. 

(5.) The following distinctions are iinporiant to be borne in 
mind with reference to the explanation of the phaMiomona. 

In these experiments we have to ctiiiaidei die tliilereiit ele- 
mentary pencils of which the spectrum, as presented to the 
eye« b Ibnned ; and with respect to each of tnese^ in the csase 
or ue primaHc spectrum it is easOy seen that the edge of die 
plate intercepts ikiU halfwkick liet tmards the edge of the 

In the inUtferena^^Qivnm (according to Fr8unhofer*s 
method), the spectra are formed one on each side of the axk, 
with their violet ends towards it. The edge of the plaSa in 

this case must always intercept that haff of each jmwmry 
pencil, which affcr passing the focus lies nearest to the axis. 

(6.) I liavL found that with the same [)nsm the intercept- 
inf^ plate must be witliin limits of thickoess, which differ ac- 
cording to the substance of the plate, and witli the same plate 
the character of the bands differs with the medium of which 
the prism is formed. These difll i ences apj^ear to depend on 
the refractive and dispersive powei s of the substances. 

(7.) With a prism of flint glaas and a plate of mica, the 
greatest thickness which can be used may be about the x^^th 
of an inch» In thu case the bands appear fine and nnmerpos* 
and it seema only in ooosequenea or their increase in mmbar 
that they cease to be distinguishable when the tbickneas la 
increased b^ond this. 

If we use less thicknesses (such as those into which mien 
is easily split) the bands become broader and Umv^ and at 
|en^ laint and ill-defined. It is perliaps not possible to 
distinguish them if fewer than four or five are formed through- 
out the spectrum. The bands are never very dark; "^Innv- 
ing that only a portion of the rays is concerned in their for- 
mation. 

[• A notice of Mr. Airv's j>nper on this snl'icct wi.'! (>(■ ioimd m our re- 
port oi Uiu proceedings of liic iioj^al Society iur June 16,1040.— ii^lX J 
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(8«) When the plate is very thin, another set of appear* 
anoes proaents itwlf. 

On splitting a piece of mica to soch a tenuity that only a 
few indistinct broad bands were barely visible with a flint* 
glass prism, I observed at the same time another set of very 
Jhie Imt extremelif/aint bandit evidently independent of the 
former. 

(9.) Wiieii the film of mica vvjis still thinner, the broad 
bands censed to appear altogether, mikI ouhj ftne set were 
visible. To show thrsf l>an(!s the iilrns must l)e so thin as 
to be nearly iritit.st i nL : it !■> diiHcuk to succeed iu tearing them 
oiF sufficiently line. 1 have sometimes used drops of water 
between glass plates pressed hard together. These bands are 
always very faint; but they are somewhat more conspicuous 
with prisms of the more dispersive oils, and always require a 
strong light to be seen. 

(10.) There is» however, a more remarkable circumstance 
connected with this set of hands ; they continue to be formed 
wken ike edge ^ the thinJUm u towards ihe thkker side ^fihs 
pHsttt, , 

(11.) In pursuing the theoretical explanation^ we have to 
consider the conditions which may afiect the rays situated 

towards the opposite sides of those primary homogeneous 
pencils, into which the incident hcnm of light is separated, 
and which convej in the eye to iorni ilie several points in 
the spectrum, botii in the case of the prism, and of interlie* 
rence from grooves or gratings. 

Now in either cnse a distinction of this kind is deducible 
from the wave^theory, on comparing the length of undulatory 
route of the two extreme rays of any primary pencil ; from 
which it appears that cne ^ these rays is always more retarded 
than the others as well in the prismatic as in the interference 
spectrum : that side of the pencil which is prcvicushi the least 
retarded, being that to which the plate is applied in tlie original 
form of the experiment. This distinction, combined with the 
general principles of explanation at firsl referred to, appear 
to me not only sufficiently to account lor tiie ordinary phse* 
nomena, but in my modi^cation of the experiment to assign a 
reason why a similar efiect should be produced on the oppo- 
site side. _ 

(12.) With regard to the mathematical investigation, in the 
case of the prism, without going into a formal discussion, it is 
suflicient to observe, that on the principles of mathematical 
optics, when a diverging pencil of homogeneous liyht is re- 
fracted through a prism in the position of minimum deviationi 

08 
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the emergent pencil will originate from a geometrical focus, 
which is noi a single pointy but a eausliCf whoee emoexiiy is 
towards the edge of the prism. Hence^ on the principles of 
the wnve>thoofy» it follows that the dde of the pencil which 
lies towards the edge of the prism is that which «iderg€>es 
less retardation^ or has the shorter nndnlatory ronte; this dtf» 
ference varies slightly for the different primary myt* 

I had arrived at this oonclusion by a different approximate 
metiiod, when in some eorreflpondeiioe the Astronomer Royal 
pointed out to me the above view of the problem, as con- 
nected with his investigations on the liplit in tfie neigh?- 
bourhood of a canstic.'* (Camh. Trans., vol. vi. part 3*,) 

(13.) Witli respect to the inlcrrercncc-spectrum, we have 
only to follow out the investigation given in Mr. Airy's tract 
(Arts. 80, 83.) (as that gendeman has suggested to me) in the 
following manner. 

Taking the locus as the origin and the axis of the object- 
glass as the axis of jt, let be the coordinates of any point 
In the wave, a b those of a point in the focal image on the 
same side of the axis* then the radius of the wave being 
we have 

and expanding and neg^leodng poweis of jf above the 
find 



The 



f from xy to ah will be 

f = VJis^af + (y-W ) 

here performing the various expansions, and for brevity 
writing = (c--0)* + b% we at length obtain (going to the 
third power of jf) 



-26 



} 



The terms involvinj^ the second power of ?/ have llie san^e 
vahic on each side of the axisy and those depending on the 
third |H)\ver are found to be 

i* See and Edio. PhiU Mie. voU xii. p. 4fi«;^--Gm 
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Hei e, if — < -5-, (which is the case, the image being form- 

ed in the focus, so that in ilict we might assume a = 0,) it 
follows that when b and y have the same sign, this expression 
will be negative; that is, for the ray which has h and y on the 
same side, or is nearest the axis after j)assin<^ the fucus^ the 
route will be the shortest. The difference will be ver^ small, 
and will vary slightly for the different rays of the spectrum. 

(14.) This difference of retardation in the several rays of 
each primary pendl» combined with the obvious principle 
laid down by Mr. F. Talbo^ appears to me to supply an ex* 

planation of the phaenomena. 

The whole effect in these experiments Is made up of two 
parts, the original retardation, and that superinduced by the 
plate. If the previously least retarded ray be intercepted, 
we take tiie difference^ if the most retardedy the sum of the 
two effects. 

W' hen we apply the plate, the whole resulting retardation 
may fall within the limits, (before mentioned, § 6.) or not, ac- 
cording to the magnitude of the two retardations, and accord- 
ing as we taJce their sum or diffisrencOi If it be beyond the 
limits for one portion of the pencil, it may be within them 
for another. 

In general, in the original form of the experiment, that is, 
for plates of ordinary thickness, difference falls within the 
limits, though the sum is beijond them, for all portions of the 
pencil. But with a very thin plate, the sum may also be 
liDithin the limits for those parts of the pencil whose difterence 
of retardation is small: Or, in otiiei words, with plates of a 
certain thickness^ the retardation is too great to give bands 
with any portion of tlie pencils, when the plate is applied to 
the previously 7710s/ retarded side : but iL will give bands 
with some puiliou when applied to the previously IcaU le- 
tarded side. 

On the other hand» if an extremely thin plate be applied to 
the most retarded side^ it will still give bands ndth one portion 
of the pencils* as well as when applied to the least retarded 
side with other portions. 

QKford, July 5, 1840. 
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XIV. On the Potatoe Spirit Oil of ihe French Chemists, Bi/ 
James Apjohn, M,D.y M.R.I.A., Professor qfChemUtry in 
the BMfal CoUgge qfSmgeaus^ Dublin** 

IN December 1838, I received from my friend Mr. Scanlan 
a specimen of an oily flnid which bad been given him by 
Mr.BowerbanlK, an emment London rectifier, and which tlie 
hitter gentleman had found in small quantity in the faints or 
weak spirit drawn off towards Uie close of the rectification of 
common whisky. Shortly previous to this time, Mr. CofTey, 
the inventor of the celebrated patent still, line! observed the 
same substance at the extensive distillf ry ot Sir I tlix Hocdh; 
and upon coming over to Dublin, and visiting the e?>tablish- 
mtiiit of Mr. Busby at Blockpitt;? in this city, Mr. Scanlan had 
the batisthction of recognizing this same oil in the faint vessel, 
const i luting a thin stratum resting upon the surface of tlie re- 
mainder of the fluid. 

The oil obtained from Mr. Busby*s concern had a reddish- 
brown colour, owing to dissolvod vegetabte matter, and ka 
specific gravity was *8401, that of the faints on wfaieh it rested 
being *9269. Shaken In a adnaled tnbe with an eonal bulk 
of watsr, its volume was raduoed 20 per oent» and ue water 
Dpon distillation yielded alcohol. To insnlato the oily Ibere^ 
fore, the following method was adopted* 

The fluid obtained from tba faint receiver was first washed 
with an equal bulk of water ; then shaken in a bottle with an 
equal weight of pulverized and anhydrous carbonate of potash, 
and finally distilled from a glass retort, the condensation be- 
ing effected by I-iebig's tube refrigeratory. It began to boil 
at 2^9% after which the temperature rose gradually until it 
became '2r;8°, at which it continued until the whole of the 
oil was nearly over. The fluid first drawn oil was set apart, as 
still containing alcohol, and that alune reserved for further 
purification which distilled over at 268". This portion was 
redistilled. The elmllition commenced a little over 2G7°, and 
in lass than a mfnnte rose toiOa% at which point it continued 
until the rectification was nearly oonpleted* The first and 
last portions being rejectadi the middle portion, or that whkli 
came over at 368^, was set apart ibr experimest 

The oil thus procured is a perfectly eoionrlM Uqnid, do- 
stitute of all viscidity. The specific gravity is *81S8» aod^ as 
has been already observed, it boils steadily at 268^; cooled 
to —6*^ it does not Gong^. With rectified spirit it is mia* 
cible in all proportions, its speetflc grarity beii^ thus ang^ 

• CooununiGBted by the Author. 
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mentedf and iU boiling point lowered. It is immiscible with 
water, bat nevertheless when amtated with this liqaid, it al>- 
florbe an appreciable Quantity of it. It has a pungent and pe* 

culmr odour, and a sharp biting taste, somewhat similar to 
that of the oil of cloves. When gently heated it readily takes 
fire upon appronchinn; to it a li^j^hted taper, and burns witli 
a clear flame unaccompanied by smoke. It is an excellent 
solvent for the fats, and also for resinous substances. Cam- 
phor, fur example, is readily dissolved by it; and the same 
may be said even of copal, if a gentle iieat be applied. Potash 
is taken up by it in considerable quantity, oil of vitriol gives 
it a crimson colour* To determine its composition the foBow- 
ing experiments were made : 

( I .) 4*84 grains of the oil burned in the usual manner with 
oxide of copper gave of water 6*06 grains^ and of carbonic 
acid 10*42 grains* 

(S.) 7*71 grains gave of water 9*28 grains* and of carbonic 
acid 19*12 grains. 

(3.) 6*63 grains gave of water 8*05 grainsy and of carbonic 
acid 16*26 grains. 

The following are the results deducible from these ex(>eri- 
ments: (1.) (2). (3.) 

Carbon......... 67 ^6 68*59 67*8^ 

Hydrogen .... 1S*25 18*28 13*48 

Oxygen.....*.. 18*79 18-18 18*68 

100 100 100 

The means of the numbers yielded by the three experi- 
ments are given underneath in column (a.). The numbers in 

column (b,) are the quotients of the corresponding ones in 
(a.) divided by the respective atomic wci^'-hts of carbon, hy- 
drogen, and oxygen, and those in column (c.) are others in 
the same ratio with the quotients. 

(a.) {b.) {c) 

Carbon 6813 11*132 4*804 

Hydrogen ... 13*33 13*330 5*753 

Oxygen 18*54 2*317 1*00 

100- 

The inspection of the latter shows that the most ])iobablc 
formula for the oil is C5 H^ 0, 9 which would give the Ibllow- 
ing parts per cent. 

Carbon 68*60 

Hydrogen. 13*45 

Oxygen. 17*95 

lOU 
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Assuming this formula as the true one, the deficiency in 
the carbon experimentally determined is not greater than 
what iisiiilly takes plm; but the error in tlie hydrogen, 
though trifling in amounts bein^ upon the opnooile tide to 
that on which it nsuall^ occurs^ it bectune enpedieDt to raort 
to some method of venficatioo. The specific grairity of the 
vaponr of the oil was therefore taken according to the well- 
known method of Dumas. 

The weight of glass bali filled with dry air, the ptessarv 
being 30*324 and temperature 48°*5, was 914*86 grs. 

The ball was sealed at 364°, and then weighed 917*78 grs. 
Hence 917*78 — 9H'*86 = 2'92 grains is the excess of tiie 
weight of vapour in ball over that of the air displaced. 

The capillary end of tiie beak attached to the ball having 
been broken under mercury, it was ascertained by the amount 
of this metal which flowed into the ball, that its capacity 
was 16*76 cubic inches, which, at a })ressurc — :iU, and a 
'temperature = 60°, will (supposing it air) become 16 i(i 

448 + 60 30*324 ,^«„„ • u r» 

V X ' s 17*dSS cubic inches* From this 

^448 4-48*5 30 * # a»« t^wiv mivuw cxvui uu» 

must be subtracted *1 cubic inch which was found to remain 
in the balloon^ so that the bulk of air excluded by die vapour, 
when feduoed to the mean feempefBture and pfeasore^ was 
17'SSS cubic inches^ wImmo wdght «s 5*544 grains. Hence 
S«98 + 5*844 B 10*964 is hi graus the weight of the Ta^ 
pour. 

The capacity of the ghM balloon at 48^-5 being 16*76 cuImc 
inches, it will, owing to the expansion of glass, become at 564^ 
16*843 inches. This therefore is the volume of the vapour 
and bubble of air at 364^. But the volume of the latter be- 
ing 0*1, it will at 364** become 0*16. Hence the true volume 
oT the vapour at 364" = 16-843 — 0*16 » 16*683 so that 

448 4>60 S0'S24 

16-683 X ^^ oToL X ^-s^ = 10*549 is the volume of the 
44l> + So4 50 

vapour reduced to a temperature = 60^ and pressure s 30. 

But as this weighs 10*264 grainSf 100 cubic inches of it would 

weigh 97*298 grains. The specific gravity therefore of tlie 

. 97-298 

Now if the composition of the oil lie Oj, the specific 
gravity got by adding to^^ether the products of the dcnsitiea 

of the vapours of the different elements by the number of 

atoms of ench would be 3*072. But we have here so close a 
correspondence between experiment and c?i]culation, tliat rio 
doubt can remam as to the correctness of the basis on whick 
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the latter restsi or that the true formula for the oil is that al«* 
readv aaaigned* 

These experiments were made in the winter of 1839, and 
at the time I hnd concluded them I was under the impression 
that the oil, to which they relate, was a new substance, or 
rather one which had not been previously described. In sonic 
time after, however, upon looking over the second part of 
Mr. Graluitn's Elements of Chemistry, which had been sent 
Uie by the author, I was much surprised at finding at page 
134f, in a table of the volumes of atoms in the gaseous state, 
mention made of a aabatance under the designation of oil 
of the ardent spirit from potatoes^'* to which he attributed 
the very same tormula and density of vapour which I bad 
found to belong to the oil found in ffrain-whiskyy in the ex- 
amination of which I had been recently engaged. 

Anxious to investigate the matter fiirther, and to ascertain 
if the two oils were certainly the same, I looked into Ber- 
zelius's System, and the 5th volume of the Traite Je ChimiCf 
appliquce aux Arts, by Dumas, devoted to the subject of or- 
ganic chemistry, but could not find any mention in either of 
the essential oil from potatoe sjjirit alludeii to by Graham. 
Upon, however, turning to Dr. JThomson's recent volume on 
vegetable chemistrv, I found, page 481, a notice of this fluid. 
• and references to the 80th and 5^ volumes of the AmakM de 
Qdnu eidePAyt.ia the formerof which its origin and properties 
are described by Pelletieriand in the latter of which its analysis 
is detailed by M. Dumas. Tlie properties I find ascribed bv 
these chemists to the potatoe spirit oil are predaely those which 
belong to that which I have examined from corn- whisky, the 
only difference being that Pelletier represents its specific gra- 
vity as '821, whereas I have found that of the oil I obtained 
from Mr. Scanlan but '813, a difference, however, easily ex- 
plained by the circumstance of his not having taken the ne- 
cessary steps for rendering the fluid he examined perfectly 
free from water and alcoliol. The analytic results also of 
M. Dumas are nearly identical with mine, approaching how- 
ever more nearly, as might indeed be e^coecled from his ^reat 
skill in this department of chemistry, to Uie formula iL 
which he adopts, and which Professor Graham has taken from 
his memoir. I may lastly mention, as a very unusual coinci* 
deuce, that the specific gravity of its vapour, as obtained by 
Dumas, is 3*147, or but unity in the second place of decimals 
greater than what has resulted for the oom-spirit oil from my 
experiments. 

W^e thus arrive at the conclusion, that the two fluids are 
identical, or that the. oil which has hitherto been considered 
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as pecttluir to potatoe spirit* occurs also in that which is de* 
veloped during the fennenCation of grain. From this latter 
source it admits of being procured in great quantity* Wben 
first observed by Mr. Coffey at Sir Felix Booth's, there was 
an inch of it in the faint receiver, and from the diameter of 
the vessel he estimated its total amount nt nO pfallons. This 
is the quantity produced at thai esta))lishment every tortiiiu:}ii, 
the excise laws compelling the distiller to distil and brew 
alternately, and a week being generally consumed in each 
process. 

The whisky manufactured some years ngo contained a 
coiibltleiable quantity of this oij, and owed to its presence a 
great deal of the pungency of ta^te by which it was distin- 
gnlshed* 

From its high boiling point, and the nature of the stills at 
present usedj init a very small portion of this substance now 
passes over^ and hence the reason why the spirit at premt 
made is| as compared with the product of the old processes^ 
less disaf^reeable to the palate, and probably less li^urioos to 
the constitution. It is no doubt owing to the same cause, via. 
an improvement in the process of distillation, that this oil has 
at length l)een noticed in the distillers' faints. Upon the old 
system of nianuiactui e the greater portion of it was driven 
over, and was held dissolved by the spirit into which it was 
thus introduced; IhiL with tlie nioderji stills, particularlv that 
devised by Mr. Cuiiey, nothinjT havuig so high a boiling 
point as this oil can by possibility pass into the part of the 
apparatus where the spirit is condensed. With respect to 
tlie manner in which the substance originates, whether it ex* 
ists ready-lbrmed in the materials subjected to fermentation, 
or is a product of the prooassi I am not aware of any fiwts 
calculated to decide such a question. As, howeveriitis ftamd 
in the fermented wash of hAh com and potatoes, it magr be 
piesumed to be derived from the starchy principle^ whioh is 
common to both. 

The potatoe spirit oil, as it has hitherto been called, haa I 
find of late attracted much attention. Pelletier from some 
rough experiments upon it with acids, threw out the con* 
jecture that it was more analogous to alcohol than to the true 
volatile oils, and this opinion would seem to have been in some 
degree adopted by Dumas. More recently [yfn?i. fie Chimic 
et de Phj/s., Jnn., 1839) M. Auguste Cahours has revived this 
opinion, nnd concluded it to be one of the group including 
alcohol, pyroxylic spirit, and acetoiit', and has even succeeded 
in procuring from it a cai bo-hydrogen, in wiiich thcelenieals 
are, an ubual, 4u»sucialed iu the raUu ui alum and aluui. M. 



A L 



ijiyiiizeQ by 



^the French Chmiilt. 



01 



Cahours represents potatoe oil hy the formula Cjq Hh Oj 
•l-H 0» which makes it as to composition perfectly analogous 
to ordinarv alcohol. The carlx>- hydrogen C.g H,o he Insu^ 
Iflted by distilling the oil from annydrous phosphoric acid. 
He calls it amyloie} and finds the specific gravity of its vapour 
to be 4*904) 80 that an atom of it gives but one volume of 
vapour, a circumstance in which, asCahours observes, it agrees 
with Dr. Kane*s mesitylene, C,^ H^, but differs from the car- 
bo}i3'(lro^cn> which occur in alcohol and pyroxylic spirit. 
By acting on })otatoeoil with sulphuric acid and chlorine, Ca- 
hours obtained compounds corresponding perfectly wii)) those 
yielded hy alcohol when si[nilnrl_v treateJ. These researches 
give atiditioiiai intei esi lo tiie discovery of this fluid in grain- 
rermented wasb^ and in such quantity as to be much more 
than adequate to meet any demand m it with a view to the 
Interests of sdencep 

I may here observCf that I should have long since presented 
this notice to the Academy, but for the following reasons. 

There is ancrther oily substance having, at common tem- 
peratures, the consistence of butter, which is long known to 
exist in the faints of grain spirit, and in smaller quantity in 
the spirit itself. Upon looking through systematic treatises 
on clieinistry, I tound that this oil had been but very imper- 
fectly described, and that, in particular, no experiments had 
been made with the view of determining its composition. I had 
theretuie resolved to submit it to aa accurate examination and 
analysis, and to keep back what I had ascertained in reference 
to the fluid oil until I had completed my investigations into 
the nature and constitution of that which is a soft solid at 
common temperatures. In this investigation I had made 
some progress, when my attention was directed to a paper by 
Liebig and Pelonze, in the 63rd volume of the Ann. de Chim* 
et de Phys,y in which, with their usual ability, they develope the 
nature of a butyraceous or fatty product which they had re- 
ceived from M. Deleschamps, and which comes over towards 
the close of the jirocess of distilling wines with a view to the 
production nt tuui de vie or brandy. I'lii s ui! they found to be a 
nuxture ol an acid whicli they calkti (I'lianthic acid, and of a 
compound ot this acid with the oxide ol tetliyle, that is ofcenan- 
thic acid and cananthic aether. Upon perusing this paper I saw 
at once^ from the experiments I had already made, that the 
fatly oil of srain spirit was identical with thb mixture, with the 
exception Uiat some third oleaginous material was present* 
which Liebig and Pelouze had not found in what they bad 
operated upon. Upon this third substance I have made some 
ezperimentsi the rssults of which I shall probably at some 
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ftiture period sabinit to the Academy. I have resolved, how- 
ever, uo longer to defer giving publicity lo my experiments iden- 
tifying the fluid oils of grain and potatoe spirit^ havinffhad my 
attentMm dmwn by Dr« Kane to a reoent volnnie of Poggen- 
doiff's Amuilmf eoiitOTiDg a paper by M* Mulder, in wbich 
I find njPfldf anticipated on tbe othar point ; and tiia batter of 
com spirit is eatisfactorily shown to be what I had condodad 
it to be^ not entirsly from my own aKperiments» but from a 
comparison of them with the researches of Peiouze and Liebig. 
Holder also notioes the third principle which is atsoriated 
with the oenanthic acid and oenanthic aether, and describes It 
nnder the name of oleiim sitiam. The object therefore of 
the prcscTU comtiuinication is much more limited than it was 
orifi;iiially iiiieiulLHl to be, profi^sing only to announce the de- 
tection ol the p o La loe- spirit oil of Pelietier and Dumas in fer- 
mented infusiotLs of the mixed graiiis employed by the distil- 
ler. But as Mulder conceived his discovery of su 01 cieiu in- 
terest to jubiily him in giving it to the scientific world, I shall, 
I ti usi, be pardoned lor bringing au auuiugouii iaci under the 
notice of the Academy. 



XV. Obseivationt(mihe(Mimate^lUUifaMdoikerComUr^ 

in aneieiti Itsief*. 

A VAGUE nodon aeems to have prevailed for some time 
past amonc: persons convemuit with ancient anthorsy 
that the climate m Eorope in the classical ages of Greece and 
Rome mnst have been considerably colder than at the pre* 

sent day. Latterly this qoestion has t>een taken np by two 
philosophers, who nrom a consideration of the vegetation have 
conie to a different oondasion. Most persons probably have 
read the intei*esting essay by Arngo in the AnntuUre far ISS4^ 
who states that several of his facts have been borrowed from 
the writings of Schouw. Tiic conclusions drawn by these 
writers are probably in the main correct ; but some of ilic 
facts stated by them appear to rc(|uire modifjcationSj which 
are more fully explained m the ibllowiog pages* 

!• F^etaUm t^Jmimt Uafy: iht heechf the daie^palm, the 

olive. 

It has bccii said iliaL Virgil speaks of the beech as growing 
in the neighbourhood of Rome; whereab now the clunaLc is 
too hot for that tree, which is not found till we reach a con- 
siderable height on the Apennines. In lac^ Tenore {Cenno 

* Cooaiiiidesled by the Author, 
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SUllo Geografia Fuica e Botanica del Regno di Napoli^ p. 60*.) 
places the region of the beech in Southern Italy, at from 400 
to GOO toifles above tbe level of the sea* Virgil, however, in 
fealiCy never speaks of the f&gus,'' generally suppcned to be 
the beech, as growing near Rome. That tree is mentioned 
twice in the Oeorgics (i. 173. and ii. 71.]f but in a way from 
which nothing can beeonduded with regard to its locality; 
and once in a similar way in the Eclogues (iii. 12.) : there 
are, however, two other passages where the indication of t!ie 
locality is more precise. Tiie first is the well-known passage 
ot the first Eclogue. It is too obvious to require any discus- 
sion, that in this instance the scene is laid in the territory of 
Mantua. The second passage (Eel. ix. 9.) refers to the same 
country, and specifies the position of the beeclies still more 
clearly as in the plain, but not far from the foot of the hills, 

qua se subtlucere coU&i 
iQcipiont; mollique jugun demittera cUvo, 
Uaque ad iquim «t vttem^ jam fiaels cacmolaa, fi^os.** 

With the exception of a passage in the Snd Eclogue (I. S.)» 
where the scene b laid Sicnlis in montibus»*' these are, I be- 
lieve, the only occasions on which the fiigus" is mentioned 
by Virgil ; nor in any of them is it connected with the neigh- 
bourhood of Rome. Still, however, it is remarkable that 
Virgil should speak of the ** fli^nis " as growinjr in the plains 
of Northern Italy, while in the present day wc must asctjnd 
the adjacent mountains to a considerable height beiure we 
find it. The lower limit of the beech on the southern i>ide of 
the Alps (in the Valtclline and the Veronese) is placed by 
iScliouw {rjUinzeii'Geographie, p. 199.) at 2000 Parisian 
feet above the level of the sea, while the altitude of tbe plain 
of Lomfaardy is only 400* It wonld appear therefore that 
in Northern Italv the lower limit of the beech has ascended 
IGOO feet since the dme of Virgil. 

The position of VhrgU's *<fagi ** in tbe plain near the foot 
of the hills, is in accordance with a })assage of Pliny, where 
be puts the fagus among the mountain treesy that also descend 
into the plain. {Hist. Nat, xvi. 30.) 

In another passage (xvi. 15.) Pliny states that fagi formerly 
existed on the site of the temple of Jupiter Fagutalis within 
the precincts of the city of Rome. Brocchi, in his Physical 
Map of Rome, at the earliest periotl of its existence, laj^s 
down the Lucus la^utalis on the Esquiline, not lar lioia the 
Agger of Servius Tullius. The mean heisht of the Esquiline 
above the Mediterranean does not exceed 200 Parisian fee^ 
and the highest pomt of the Agger only reaches 857» accord- 
ed See L. & E. PhiL Mag. ToL tv. p. 1^70*— £oiT.} 



Digitized by Google 



94 



Qbservaiims on Uie Climate qfJUafy 



ing to the measures of Schouw (Broocbi Sudo di MUmg» 
p. 211.): consequently this grove of beeches must have ex- 
isted at a height of little more than 800 feet abofe tho 
aea. 

I fim aware that it is denied by some that the Fagus of Virgil 
is our bcccli ; hut even those persons admit tliat trie Fagus of 
Pliny is ilic l)ijcch; ond indcLcI in the description of that 
author [ilisL AV//, xvi. 7.)i tlie triangular coat of tiie gland, 
the smoothness of the leaf, and the care with wliich the fatrus, 
though bearing an edible and sweet gland, is di&tinguiJIied 
from the treee bearing real glandes^" that is acorns, seems 
pretty deeuive on this point. 

The only argument urged (Gardeners Magaaine for Jor 
nuary, 1839, pages 10 and 19.) agauist the Fagqs of Virgil* 
being the beech (beyond the fact now under discussion of its 
not being found in the plains of modern Italy), is founded on 
an erroneous rearling of a passage in the Georgics, according 
to wliich Virgii is made to speak of engrafting the fagus on 
the cnstatiea or t liL^lnui. But in the text of the best modern 
editions, ^ irgil says no such thing* The passage (Georgic* 
ii. 69.) stands in Heyne thus: 

" In=:eritrir vcro ct ffrtn niicis nrbutuB horrida| 
lit sterilcs plaiani inalos gcssere vaJentes j 
Caslaiiea; /aguSf ornutque incantut albo 
Florepyri ** 

It is evident that the poet speaks of engrafting the chestnut 
on the beech, and not the beech on the chestnut. Whether 
such a graft be really possible, I do not know; but it is not 
more out the wav than the other operations of a shnilar 
kind alluded to in this passage* 

The statements of Pliny resarding the ezistenee of the 
beech in the neighbourhood of Rome) are remarkably con* 
firmed by Theophrastus, who speaking of the plain of Latiuni^ 

* t «iy Virgil, for the most serious difficnity about the meanine of the word 

" F'agus*' arises from r passage orCa?sar (Ifcll. Gall. v. 12 ), mHio speaks of 
tl)i.s tree as not found in Britain. I may observe, that it is not more ex- 
traordinary tiiat CsDsar should assure us that the beech was not found in 
Britain, than that Herodotus (ii. 77.) should sey tliat the vibb was not 
grown in Egypt, where, however, existing monuments, (Rosellini, Afon. 
Civil., t. ii. p. HRfi.) and various passages of t!io Petitateuch (Genesis, x\. 9. 
Numbers, xx. b.)^ show it to have been cultivated from the earliest pe- 
riod. But I have only to do at thu moment widi the " Ftfog *' of ViigU 
and Pliny. As to the latter, it is true that the passage, " dulosNma omnium 
fagi,'* ( //?>/. AW. xvi. 8 ) appears to be a translation of -/> t»twT«T« 55. r« 7^( 
^nyoif {Hiit. P/an/. iii. 8.) } but on the other hand, while Theophrn&tus 
{Hiit. Plant, iv. 12.) speaks of the 0nyic on the tomb of Ilus» Pliny (/M 
Nat. xvi. 8.) uses the term " Quercus," which shows that this latter 
carelc>^<; nnd inconsistent writer did not always confound the Greek fiysf 
with the Latin •* Fagus.** 
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says (Hist. PlanL iii. 10.) > »} fiey TreStvTj {rwv Aarlvav) BdAyrjy 
*' /cal fivpplvrjv Koi o^vrjv Oavfiaaniv, The dftSa 01 ToeOo 

Estus appears dearly from his description to have been the 
h; and ofva is still the name of that tree in modem 
Greece, according to Sibthorp. (Schneider in Theophrast,^ 
▼oh V, Indie, in voce o^o.) That the plain of Rome should 
faa?e produoeds together with laurels and myrtles, beeches of 
wonderful size, is an extraordinary botanical fact, and one of 
the highest importance for the purposes of the prei>ent inqniry. 
For if we confine ourselves to the circumstances connecteii wiili 
the vegetation of the beech, we should be led to fix the mean 
temptiuLure of ancient Home at 3° or 4** centic^rade lower than 
at present * ; a Lcniperature by no means suitable to the 
laurels and myrtles, and equally at variance with other phas* 
nomena^ as I shall prooeea to siiow. 

It is important to be noticed, as bearing on the question of 
temperature, that Pliny (xvi. 59.) asserts that the chestnut 
would hardly grow in the immediate vicinity of Rome : Juxta 
Romam ipsam castaneae cerasique aegrdproveniunt," — doubt- 
less on account of tlie heat. In the present day the region 
of the chestnut in southern Italy is placed by Tenore (p. 58.) 
at from 150 to 400 toises above the level of tlie sea. In the 
Abruzzi, the same region is placed by Schouw {Pflanzrn- 
Geographic^ p. 475.) at from 200 to 600 toises. Now the 
hi;xhest of the seven hills of Rome does not reach 50 toises j 
and iSluate Mario, the most conspicuous summit in ihc neigh- 
bourhood, only attains 74. (Brocchi Snolo di Boma, p. 213.) 
Consequently Rome does not Ke within the existing region of 
the chestnut, and that tree^ if planted near it, would probably 
grow but **aegrd»** 

That the cumate of Italy was not very much colder in an- 
cient times than at present, may, I think, also be inferred from 
the fact of the date-palm growing there (in the cultivated state), 
though then, as now, it remained sterile. (Pliny, xiii. 6.) Tn 
Italy at present, if we except the garden of a convent at Roine 
(a very sht lit re d spot), and also a sninl! tract of coast bit\Mc'n 
Nice and Genoa, wliicli from local causes eiijovs a very i»igh 
temperature, the northern limii of the date is al Terracina. Now 
the mean tempei atui c ut iiomc is 15 o C, of Naples 17° C 
Terracina, lying nearly half-way between them, certainly has 
more than 16^ mean temperature. At Nice the temperature 
is 15^*5 ; at Genoa 15*^*9. At neither of these places will the 

* The lower limit of the beech appears to have ascended from less than 
50 to 400 toties above the level of the tea. We qiav astume^ approxi- 
mately, a decfvmeiit of 1° C. in the mean temperature tor every 100 toitei 
«f elevaiton. 
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dale-tree grow; but at Bordighiein, which lies between tbem^ 
in a very warm exposure, It is cultivaLed rather extensively* 
We must then put the mean temperature of Bordighiera 
*bo>ve 16% and pralMliljU is abcm that of Toukiiit vk. 16^* 
FhNn tfaoe circomstanoet it evidently rantts diat the coiti* 
▼atkm of the daCe-palni in Italy requires a mean annual heat 
of ftom 16^ to 17^ C, and probably nearer the latter. Noir 
the temperature of the soutnemmost provinces of Italy is not 
in all likelihood above 17°*5, the temperature of Palermo; and 
consequently had the climate been two eentesimal dflgrcei 
lower in the days of Pliny, the date-tree ooidd not have oeen 
cultivated hi Italy; certainly not, as he tells us, ** vulgo*." 

I have nrgued on the supposition that the words "sunt 
quidLin ct in Euroj)a, vulgoque Italia, sed steriles,*' reter lo 
the date-palm : 1 think he cannot mean the palmetto, Cha- 
maerops humilis, ns he adds, *' Nulla est in ItaliA sponte 
genita;" and it is difficult to suppose that the Cham a^rops 
could have been a cultivated plant: yet even in this, as it 
seems to me, very improbable supposition, the argument 
would not be affected, since the limit of the Chamserops is 
very nearly liiat of die date-tree* If we ezoq)t the tract tii 
coast at Biordightera, before moken o( the northern liont of 
die palmetto m Italy is at Uape Ciroett near Terradnaf • 
(Tenorci Gmaa, p. 68.) 

It is observed by Arago, that Virgil speaks somewhere of 
the rivers freezing in Calabria. He alludes, I presume^ to a 
psssage in the fourth Oeoigic (L 185, &c)y in which the poet 
speaks of the success of a gardener in the neighbourhood of 
Tarentumt* 

** Et cum tristis hyems ctiam nunc frigore saxa 
Rumperet, et frlacie ctirsus fr^cnarct nqimnim, 
Ille COUiiini inaUiijiUn toilJtl)at hyacinth!.'*-— 

These are evidently merely pociical exaggerations. Horace, 
writing about the same time, praises Tarentum for the mild- 
ness of il^ winters. [Od. ii. 6.) 

« Ver uln.loQguin Upuiatque preb^ 
Jopitiw hnmut v* 

* I am surprised that the Iwmed and acconte lUttor (IiIm. if. 
Kb. 3. f . 91) ) bhould think that the date-tree was introdnccd into Spab 
by monks Iroiu Egypt. *' Fcriint (pahlMB) St Itt nritia>it HhpSMMg frocT— 1, 
verum iiniiiiiei)i." Plin. xiii. 6. 

t It may be observed in passing, thai the Chama^rops was abundant in 
Skily in ancient times as it is now. (Theophrait. Hiii. PinL iL 6. Plln* 
JTut, Nat. xiii. 9.) This fact alone pioYei tbst tbs l empcra tu ie of Sicily 
was not C. lower than at present. 

% The Calabria of the ancients, it will be recollected, was not the pro* 
vince now ailed bv that naae ; it oompriied Che peoiimila which is cat 
olTby a line frcna Aniadniiom to TnnCam. 
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and what is more precise^ boasts of the excellence of its olives. 

Now this tree is too delicate to endure such winters as those 
described by Virgil; it will not even bear those of northern 
Italy, wliere, however, the freezine of the rivers is a rrire oc- 
currence. The conditions laid down by Humboldt tor the 
successful cultivation of tlie olive are a mean annual tempera- 
ture from 14°'5 to 17° C, a mean temperature of the coldest 
moaih not below 5° or 6° C, and of the whole summer from 
22^ to 23° C. 

IL Palestine^ JBgyptf the wuthem UnUt of the Vine* 

An ingenious argument ha^ been founded upon the simul- 
taneous cultivation of the ilaLc-tree and the vine in Palestine at 
an ancient epoch. The date-tree, it is argued, requires a mean 
temperature of at least 21^ C. to ripen its fruit; and on the 
other hand, the vine it is said cannot be cultivated for the 
purpose of making wine at a higher mean temperature than 
22** C. It is concluded that the mean temperature of an- 
cient Judsea was between 21"^ and 22°; and it is said that 
this appears to be about its temperature at the present day. 
OnQ part of these propositions I think open to doubt, 
bchouw, it is true, agrees with von Rucli in placing the 
southern limit oi tlie vine (at the level of the sea) in the island 
of Ferroj'whicli lias j)jobabIy from 21° to 22° mean tempera- 
ture. He states that the vine succeed'^ only in the northern 
portions of Barbary ; that the cultivation of it in Egypt is in- 
significant; that at Bushire, on the Persian Oulli it can only 
be cultivated in deep ditches to protect it from the sun. Now 
the mean temperature of llushire is stated by Humboldt at 
25^*5; this example, therefore, proves nothing. As to Bar- 
bary and Egypt, Mahometan prejudices prevent the making 
of wine in those countries at the present day; but we know 
that in ancient Egypt the vine was cultivated on a great scale, 
and many excellent wines produced. Nor was this by nny 
means confined to Lower Kgypt; on the contrary, excelU iit 
wine was made in the Thebaid, and })articularly at Koptos, 
in 26^ north latitude*, and even in the Great Oasis, still 
further southf. l'iieo|)iiraslus, as Ara^o has already ob- 
served, speaks of the vine reaching as far as Elephantine 
But I will be contented with the southernmost limit, where 

• Athenasus, lib. i. 7, "^,1 Tnol tov N*7ao> xixx:'^^.:, r-f -toT/i i^'iv tvTT, fjio; 
Ka\ 6 TTOTetftos' Keil 'zcWoti rit oi'pup eti /O/oruTif kutu 7» ret ^6tf4.otr«t k»\ 
Ti)» x^wt(fJn^oip 0 xetrd Tf^t Qnl^atlei, xetl ficthiOTit 0 Kctrd r4» Kirroit 

ftrxi'jovai ^s^f*fpo{ jMtl) fik4wtfiif. 

t Strab. xviii. 1. I Hht. Plant, i. 3. 

Phil. Mag. S. 3. Vol. 1 7. No. i08. Jug' l^^^* H 
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1TO know good wino to Imve been made, viz. the Oasis. Norw 
tbo mean tcniperftturo of Cairo is 90^5 C** The Oaab liai 
from to 6"" fioudi. Let us take as a mean 5°. The 
crease of mean temperature corresponding to 5° of latitude is, 
as I shalljpresenily show, for these countries, not less than 
1 J° C. This makes the mean tempi ratm c of the Oasis 24-° ; 
and unless we believe the climnte ot" anciLnt Ec^ypt to have 
been cooler than at present, \vc must admit thai goo4 wiuo 
may be made under that ttimperature. 

The vine, in fact, is less impatient of lieat than might be 
supposed from the circumstances said to attend its cultivation 
at Dushire. Superb grapes are grown at Cawnpore in British 
India in about S6l^ latitude* at an elevation of not more than 
1000 or 1200 feet above the seaf. Humboldt informs us 
that excellent grapes are found at Cumana In 10|° latitude 
with a mean temperature of 27°*7 C^. It roust be recol- 
lected that the heat of the Persian Gulf is excesuve. The 
mean temperature of the month of July is 34° C«| and the 
thermometer at noon rises even to 44^ C.$t a d^ee of lieat 
surpassed at few spots on the surface of our globe. To find 
higher temperatures than this we must q^o to Nubia, where 
Caillaud frequently observed 48° ||, and the Oasis of Mour- 
zbuk, where Ritchie and Lyon experienced even the extraor- 
dinary heat of 53*^*8 C. ; the thermometer rising daily for 
whole niQiuhs to from 46° to 52° f. 

To liiid ilic increment ot mean temperature iVoni Cairo 
to the Oasis, I have calculaltd two years' observations made 
by Browne in the Oasis of Darflr. We know so little of the 
interior of Africa, that these observations possess a good deal 
of interest They were made partly at Cobb^ in latitude 
14** 1 1'l and pardy at a place called El Fasher, which leems to 
Iiave been in the neigh bourhood^ but which I do not find on 
Browne's map. The hours of observation were 7 a«m. and 
S p«m*» a few da^s only are wanting to complete two years» 
I find the foUowuig monthly means: 



o ^ . o 



January ... 18*5 C July 30*6 C. 

February,,. 19*9 August 32 0 

March 27*2 September 33«1 

April 30*1 October ... 28*9 

May 29'7 November.. 25'6 

June. 29*4 December.. 23*4 

* Humboldt, Lignes Tsotkennes. Mhn. d*ArcueUt vol, iii* Tablean. 

f NoiweticH Annalen <ks VtyageSfyol, xxx. p. 317* 

t Quotad by Sdioaw, Htammt-Oeognmhiet p. M. 

f Vvjftigt aw Ri^um BqimoMe$^ $TOe^ 

II Voyage d Mcroe et nv Ffntvr Bhmc. 

^ Lyon'i Travels, MeteoroiogiciU Kegister. 
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and ham the mean of the whole year ta 97^*4 C. Com- 
parina thia mean temperature with that of Cairo, in latitude 
30% the inoveaae for five degrees of latitude ia 1^^ €•» as 
assumed before. 

Probably the number 27°*4 is rather too high, as the hours 
of observation selected would lead to a result errinrr in excess. 
But on the oilier hand it is to be remarked, that Dayfur 
comes within the limii^ of the tropical rains, which in this 
part of Africa reac h as far as 17^ north, and tend to keep 
down very much the heats oi summer. In fact, Browne 
never marks the thermometer above SS°'3 in Darfur, while 
he menlioiis having observed 46*^*7 in the Great Oasis of 
E^ypt. It ia in those portions of the torrid African sone^ 
where rain never or rarely falls, as in Upper Egyptf Nubia, 
and Fexzan, that the heat of the day is most excesiuve. It is 
true that the nocturnal radiation is also very great % which 
keeps down the mean temperature of the twenty-four hours ; 
but during certain hours the vine would be probably exposed 
to greater heat in the Jb)gyptian Oasis than in Darfur itself. 

III. Cultivation (J^ the Vine m hntain, 

I think it is difficult not to fee) very sceptical about any 
rxionsive cultivation of the vine in ancient times in the 
iiorihernmosi pi ovinces of France, and in Enghxnd. Strabo, 
as M. Ara^jo lias remarked, indicates the line of the Cevennes 
as the limit of the culture of the olive in France, wliich it still 
is; but the remainder of the sentence is, I think, equally re* 
roarkable : ff d^TreXo^ irpoiovtnv ov paBlo)^ TeXea^o/jeitj 

as one goes further into the country«the vine does not easily 
bring its fruit to maturitjr*" As to Britain, we are told ex- 
pressly by Tacitus, the climate was not warm enough for the 
vine I . 

The scanty notices of the climate of Great Britain to be 
fotmd in ancient authors agree remarkably with what we ex- 
perience at the present day. Thus Cjesar says, ** Loca sunt 
tempeiatiora quam in Gallia, remissioribus frigoribus." [Bcllm 
Gallic, lib. V. c. 12.) Thus Strabo : errofi/Spoi h^elalv oi at'/^t? 
fioXKov rj Kt^erwOct?, ev Be roi? cUBpiat,^ Ofil^rj Kari^ei woXvv 

• GttitUud sneaks of water fi«Mliig tt night on hb journey between 

tlie Great ami Little Onsis : at 7 a.ni. the thermometer stood at + 2", at 
noorj at ID". Capt. Lyon (p. 256.) speaks of ice half an inch in thickness 
in the [>la)ns uf Jb'ex^an, south ui Mour/uuk. After these examples, it is 
difficult Co understand whv the thin cake of ice observed byOudney and 
Ctnppcrton on their road from Bottmou to Sockaioo should hm excited 
so much surprise, 
t Strab. IT. I. I AgricolojC. 1^. 
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-Xjyovov, (Lib. iv. c. 5.) Thus, too, Tacitus : Ccelum crebrts 
imbribus ac ncbulis foedum; asperitas frigorum abest •••••• 

(fruges) tarde mitescunt, cito proveniunt : eodem utriusque 
rei causa, multus humor tcrrarum coelique." {Ai::ricoL c. 12.) 
And Minncins Felix, in a passage {§ 18. )> for which 1 am in- 
debted to the yirchivolonia^ vol. iii. p. 54 : " BritauDia sole de- 
ficittir, sed circuniflueuus maris tepore reficitur." 

Several authors iiave quoted a passaj^e from Vopiscus *, 
stating that the Emperor Probus gave permission to the 
SpaDtardsi Gauls and Britons to plant vines; which ^r- 
inission to the Britons, it is said, would have been a derision* 
had the climate been too cold for the cultivation of that plant. 
The fitst objection that arises, is that Eutropius t, an earlier 
historian, and Aurelius Victor, in speaking of the same cir* 
cumstance, mention Gaul and Pannonia, but not Britain. 
Let us assume, however, the statement of Vopiscus to be cor- 
rect. Why, it may be asked, was the Iniperial permission 
necessary for this cuhivaiion ? To this it is replied, tliat Do- 
mitinn, actoi tliiig to SuetoniusJ, had forbicklen the laying out 
of new vineyards in Italy, and ordered the desti uction to the 
extent oJ' at least one luiU ol those existing in the pioviaces. 
Unfortunately, Suetonias adds, nee exsequi rem perseve* 
ravit." Waving, however, this second difficulty, let us sup- 
pose, for the sake of argument, that the edict of Domitian 
was enforced. 

Now as Tacitus, who wrote after Domitian, expressly denies 
Britain the vine, the olive, ceteraque calidioribus terris oriri 
sueta," it follows that the vine coulu not have been cultivated 

in that island before the time of Probus, and that conse- 
quently (unless the Britons arc introduced by a mistake of 
Vopiscus) the permission of that emperor could only have 
been a permission to make tlie experiment of the culture. 

1 believe the real ex|)lanation of the cause of the edict of 
Probus is to be found in a passage of Cicero de Ilepublica, 
which shows that the prohibition to plant the vine in the pro- 
vinces was a portion of Roman policy even during the Ke« 
public. This passage, which is remarkable in more respects 
than one, is as follows : <^ Nos vero, justissimt homines, qui 
Transalpinas gentes oleam et vitem serere non sinimus, quo 
pluris sint nostra olivets, nostrae^ue vineae." (Lib* iii. c 13.) 
The edict of Domitian, and various passages of ancient au- 
thors, (among whom I may mention Martial, who speaks of 
tlie wines of Marseilles, Vienne in Gaul, and Tarragona,) % 

• In Probo, c. 18. 

t ix. c. 17. " Vincas etiaoi Gailos et Psanooiot habere penniiit.*' 
X Domitian. c> 7* 
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prove that this system was not uniformly enforced ; local ex- 
ceptions were evidently made ; yet enough appears to explain 
the value and the cause of the permission of Probiis. 

The first positive authority for the cultivation of the vine 
in Britain is Bede, who says, " Vineas etiam quibusdam in 
locis germinans*." It is important here to observe the " qui- 
busdam in locis." Setting aside va«rno traditions, the next 
authentic testimony is that of DoincMiay I^ook, which men- 
tions vineyards in several phices. At Uuylcigh in Essex, we 
are told " there is one park and six arpennis of vineyard, 
whiehy if it takes well, yields twenty modii of wine." (Cam* 
den*8 Essex.) But the very indication of a few vineyards 
here and there excludes the Idea of any extensive cultivation, 
such as takes place in really wine growing countries. At a 
subsequent period, many authorities, for which I may refer to 
the Archaologia, vols. i. and iii., and Miller's Gardener's 
Dictionary, article Vilisy prove the existence of vineyards in 
pnrticnlnr spots, and generally in connexion with cathedrals 
or religious houses. What was the success of these attempts 
of the monks to [nake wine, " in commodum et magnum 
lionorem," as an old writer says, of their respective houses, 
may partly be coiijectured from ilie accounts of a vincyaid 
at Ely given by Miller, where the sale of verjuice forms a 
considerable portion of the profitsTof the vineyard f. Only 
one passa^ has been quoted that vrould at all seem to imply 
on extensive cultivation of the vine in ancient timeSf and even 
in that the terms are too vague to allow of any positive con- 
clusion. William of Malmesbnry (quoted by Camden) boasts 
of ihe superiority of the vineyards of Gloucestershire: Vine- 
arum trequenti;\ densior, proventu ubcrior, saporc jucundior, 
vina etiani ipsa bihentium ora trisli non torquent acedinc, 
quip|)e qua' paruiti clebeant Gallicis du'.cedine." This par^sage 
does not imply much, it may be observed in pn^^^iiiL:. for the 
English wine in general. As to what he siiys al>t)ul Cilouces- 
tershire, it is to be considered that he seems to be an inaccurate 
writer, and disposed to exaggeration. Daines Barringion has 
noticed that he speaks of the bore in the Severn as a daily 
occurrence, while it happens only at the equinox; and de- 
scribes it in very exaggerated terms, as capable of sinking a 
ship^ t!i:^ugh in reality not formidable to a cock-boat. 

* Hist. Eccleiimit., i. 1. The soppoiition of Doines Barrington, that ia 
this and other passages " vineae" refers to orchards ol' apple-trees and cuT' 
ranr ^nrdens, is too iniprdbable and unsupported to Ueserve serious refuta- 

tiou. 

t In the l^h Edw. II. the wine from the vineyarvl at Eiv sold for 
IL 12s., the verjuice for 1/. 7«. In 9th Edw. IV. no wine, only verjuice 
was made. 
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I repeat^ that to prove a change of climate it is necessMjIO 
show, not merely the existence of vinc^^ards io a few locaI»% 

bat the extensive ^rowtli of the grape for the purpose of 
making wine. In tact, Piot* tells us, that in the year 1685, 
T)r. Bathurst, President of Trinity College, made ns good 
claret at ( )xfortl, in a very mean year for that purpose," ns 
any one cuukl wish to drink; and Pepys says, that in the 
reign of Cliailcs II, very good wine was made at Waltiiam- 
stow. As tar then as vincyartls in particular localities prove 
aiivtliiiiu, the climate of r)ritain has been constant lioin the 
time ul liiide lo the year 16vS5. Nor has it degenerated isiiice ; 
for Miller gives a list of places at which wine has been made in 
tbe omirw of the lait century I amoas which are RothtriHth^ 
Brompton, Keosingtooi Hamroenminy WalhamGraea (wine 
was made at this place for 80 years)) Arunddi and Fun's 
HiUf near Cobham. The wines of many of Uhnm pieces ans 
described as being L(|iial or superior to the French wines of 
the second class« That made by Mr. Hamilton at Bsin'e 
Hill is said to have been ^iy equal to the best Champagn% 
and to haTe sxAd for fifty guineas a hogshead. 

While on the one hand there is no sufficient testimony in 
favour of the growth of wine on ji large scale in ancient times, 
there is on the other some direct testimony ap-ainst it. Pe- 
trarch, according to Miller, speaks of [Keiple in England 
as not drinking wine ; and Daines Barrington lias quoted 
Lord Bacon t» who says that gravies require a south wall to 
ripen. 

All these considerations make it difficult to admits with 
Arago^ that the climate of Britain was warmer fbrmerlpf than 
at the present tune. This idea rests solely on the cultifatioii 
of the vine in this island $ a &Gt which cannot be dis|inlied» 
bat does not« I conceive^ lead to the inferences that have beta 
drawn from. it. The testimony adduced merely indicates m 
very local and partial cultivadcm of the plant; such, in fact» an 
numerous experiments have shown to be practicable in recent 
tunes. R. W. R. 



XVL Mmeralogieal NoHcei. Cdmmwueated ij^W*HMthutTBL^ 
Esq*f Prqfessor of Minerahgy in the Vnioernf.^ of Gtm* 
bridge, 

FLONBiFinotra ▲braoomitb. 

[Firom PoggendorffViffMofeii, B. itvffi.] 

A VARIETY of arragonite from Tamowitz, found by Pro- 
fewor Breithaupt to have a specific gravity of 2*995, 

* Camdeo, Statiortbliire. f CeuU ?. £xp. 430. m 
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contains 219 per cent, of carbonate of oxide of lead, accord- 
ini^ to the analysis of Professor Kersten, and 3*859 per cent. 
accordiiifT to Uic analysis ot M. Bottger. Hence the pro- 
portion ol cai lH)iiaie oi oxide of lead appears to be variable, 
like the piqujition of carbonate of strontian in common 
ai ] ai^uiiite, w!iich| according to ^tromeyery varies from 0*6 to 
'h'Oi per cent. 

ANALYSES OF PLTALITE AND SPODUMENB. 

[From Poggendoirt's Annalen^ B. xlix.] 

Petalite analysed by M. Ilobert Hngc n in the laboratory 
of Prof. Ueinricb Jioscy gave the following results : 

(1.) Oxvncn. (S.) Oxygen. 

Silica 77-812 4.0 123 77*067 40-036 

Alumina... 17*194. 8*030 IB 000 8*406 

Lithia* 2*692 1*484 2 G60 1*466 

So da 2*302 0*588 2*273 0*581 

Spodmnene gave 

Oxygen. 

Silica 66*136 34*357 

Pmogndt oftton 0*S81 <HW8 
lithift. M d-6i6 i*lt6 



RESULTS OF A9ALTS1S OF POOHILITE AMD THUUTB. Vt 

PROF. Gi 0» OMSUV. 

PoooalitSk 

Observed. Oxygen. romputed. 

Silica 45*120 23*44 45*07 

Alumina 30*446 14*22 31*33 

Lime 10197 2*86 10*43 

boda with a tracel -w^^i. 

of potash I 

Water 13*386 11*90 13 17 

The iormula to which the computed quantities reier^ ii» 

SUica 4M08 

AliuiitiiB*...M.«.....«.«*......« 81*144 

Lime 18*7^ 

Soda with a trace of potash 1*891 
Protoxide of iron 2*288 
PiotoKlde of flaangMNse 1*635 
Water 0*640>~*99*18S 



Thulite. 
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The above rejwits agree with the formula 

(Ca, Fe, Uaf Si + 2AI si, 
and show ilmt the mineral is chetnicaliy the i»aine as Epidoie. 

UESULTS OF ANALYSIS OP BOIlALriK !• HOM LtNEBUUG. BT 

M. C. RAMMELSBERG. 

(Prom Poggendorirt Aamlemt voL xShi.) 

Transparent Cr3'stals. Opakc Crystals. 

S. G. 2'i>5u at temp. C. S. G. 2*9:38 uL teiup. i r '5 C. 

Aooortiui^ 10 
AffVcdsoii** 

Magnesia .... 30*748 3M24 30*3 
Boracic acid . . 69*252 68*876 69*7 
Tlie quantities of oxygen contained in the mngnesin nnd 
boracic acid are 12*():5 and 47*26 respectively. Heace the 
composition of buracite is expressed by the formida 

Mg8 B^ 

BSSULltt OF AN ALT8B8 OF IIO8EAN9 HAOTHB, LAETOJTS AHD 
ABTIFiaAL 0jLTRAMARIllB» FSBFOlllSD BT M. F« YABBBH- 
TBAFP IB TBB LABOBATOBT OF PBOF. HBINBICB BOiB. 
[ffVom Foggrodorff *i <^jiimIi% vol. alii*] 

Noaean from the Lake of Laach. 







Oxygen. 




15*20 






4-56 






0*31 






18*70 


Sulphuric acid 


. • . 9*170 


5*49 
















. . . 1*847— 


—99*222 



HaUjne from Niedei-Mcndig. 

Soda 9*118 

Lime 12'552 3-52 

Alumina 27*415 12-80 

Silica 35-012 18*28 

Sulphuric acid . . . 12*602 7*23 

Sulphur 0*239 

Iron 0* 1 72 

Chlorine • 0-581 

Water 0*619 98*340 

f* T))e ilctnt!^ of Arfvedsou's anai/iia will be found in Phil* M^ig. hint 
Series, vol. ixii. p. 35b.— Edit.] 
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LazuUte. 





9-09 






Altimina • • • . 


31 '76 




45*50 


Sulphuric acid . 


5*89 


Sulpliar • » • • 


0-95 




0-86 


Clilorlne • . . • 


0-42 




0-12 




98-11 



Artificial Uhnunarine. 

Soda 21*476 

Potasli • . • . 1*752 

Lime 0*021 

Alumina • . . 23*304 

Silica 45*604 

Sulphuric acid 3*830 
Sulphur • • . 1-G88 

Iron 1*063 

Chlorine • . . a trace 



TWO A1IALY8BS OF OMELIKITB VROM aX.ENARM> SP. 6B. 2*06 
AT 12*^ C. BY M. CARL RAMMELSBERG, 

[From Poggendortr's Antudcn, B. xlix.J 



Silica • • • 




Oxygen. 




Oxygen. 


* 46*898 


24*10 


46*564 


24*19 


Alumina • 


. 21*085 


9-84 


20*186 


9*48 


Lime . • • 


. 3*672 


1*03 


8-895 


1-09 


Soda . • • 


. 7*295 


1*86 


7*094 


1-81 


Potash • • 


. 1-604 


0*27 


1*873 


0*31 


Water • . 


* 20-412 


18*14 


20*412 


18*14 



Hence the quantities of oxygen contained in the alkaline 
r3ases» including the lime, the alumina, the water and the 
silica, are as the numbers 1, 89 6, 8, ns in moat Cbaba&ies. 

The chemical distinction between the two minerals appears 
to consist in the relative cjunntities of lime ninl soda contained 
in them, most lime bein^ coiiiaincd in Chabasie. Gmeiinite 
forms a jelly with hydrochloric acid^ Chabasie does not. 



XVII. Oltseroaiions on Elsolith and Nepheline. By Tueo* 

DORE SCHEERER.* 

IN the 46th volume of PoggendorflTs Annaleti, p. 291, f 
communicated a notice on an elttolitb which is found near 
Brevig in Korwav. I considered mj'self justified, from the 
results of the analyses made with it, m advancing a new for- 
mula for this mineral, which seems to be more in harmony 
with its composition than the one hitherto employed. I had 

* CouimunicatCil b) the Author. 
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then no eleeoliths from other localities at my dtfpOMl with 

which to test the truth of my assertion, and I was consequently 
obliged for the moment to lay all further inquirer aside. Sub- 
sequently, however, 1 re-commenced these mvestigatioii% 
partly in Norway and then in Berh'n, in the laboratory' of Pro- 
fessor lleinrich Rose, antl with the kind assistance of Mr. W. 
1 rancib, I have performed a new series ol analyses of ela^oliths 
and nepheiines. The results which I have obtained, as well as 
some other observations, I will communicate in tlie present 
paper, and at the same Uine I will add for comparison the 
analyses of tliese minerals, which had been previously made by 
other chemists. 



I. ANAiYSES OF VARIOUS £LiEOLlTHS. 

1. Brffwn Elctolilh from Brevig in Norway, — I have already 
communicated the composition of this eheolith in the memoir 
above-mentioned, but for the sake of completeness I will re- 
peat it here. It was iouQd» from three analysesy to comdst of 





1. 


2. 


s. 


l^tica • . • . 




44*48 


44-30 


Alumina . . . 


. 32-14 


32*08 


31 '60 


Peroidde of iron 


• 0-86 


l-'?0 


1-16 






0"^4 


0*33 


Soda . , • , 


. 15-67 


15-76 




Potash . . . 


5-]() 




20*45 


Water . . • 


2-05 


2-06 


2-10 




100-69 


lOl'lJ 


99-93 



The specific graviljr of this ebeolith is S*61 7. It occurs m 
smaller or larger masses in a snow-white granular albite, and 

is in general so much impregnnted with it that it is exceedingly 
diflicult to obtain pure fragments for analysis. Hence on 
dissolving the silica in carbonate of soda some powdered albite 
always remains. Tliis latter mineral being scarcely in the 
slightest degree attacked by acids, I do not believe that it 
has had any sensible effect on ilie analyses. 

2. Green EUeoUth Jhm Frcdriksvarn in Nonva^^Thk 
specitts of ela?olith occurs, like the following, in the well-kaQfim 

zirconiferous syenite of Fredriksvarn, Its specific gravity was 
found to be 2-6\. Klaproth* was the first who undertook an 
analysis oi this mineral^ and obtained the ibllowing resulta^— 

• Klsprolb^i OBBMiiutiou, vol v. p. 170. 
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Silica 46*00 

Alamina. . • * • 30*85 
Peraskkofinm » • 100 

Lime 0*75 

Potash 18*00 

WaUn: S-OO 



98^60 

Aher Klaproth, C. G. Gmelin* analysed the green elasolltfay 
and found it to be composed of 

Silica M'ld 

Alumina 34*43 

Peroxide of iroD • • « • 0*65 

Lime •••««•»• 0*52 

Soda 16*88 

Pota-^h 4*73 

Magnesia and manganese . 0*69 

Water / 0*60 



102*68 

The results of tvro aoalysea performed by me^ were— 

4. 5. 

Silioa 45*31 45 15 

Alumina. . . • 32*63 d2*70 

Peroxide of iroo . O t5 0*67 

Lime 0*33 0*34 

^oda 15*95 15*48 

Potash ♦ • . . 5'i5 5*88 

Water . • . . 0*60 0*63 



100*72 100*85 



Between these analyses and that of Klaproth tficrc is very 
little uf^reement. I-^rohnhly either the silica which Kfnproth 
olit allied still contaiiietl aluniiim, oi ilic eiaeoHth einpiujed by 
him was imprefrnated with foreign minerals, insoluble in acids, 
which must iiave increased the quantity of silica, as this was 
not tested as to its purity. This analysis bi tomes still more 
suspicious, when wc consider that ela^olith not only contains 
potash, but also soda. From 100 grains of powder Klaproth 
obtained 27*5 grains of chloride ofan alkali, which he took for 
pure chloride of potasstum, and calculated as such. But if we 
bear ill mind that It was composed of the two alkalies id a 
proportion comspoadhig to the quantities of potash and soda 
* 8«hweiggcr*» Jeunsly leL fk p. M. 
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in my analysea, we then obtain only about 1 1 per cent soda 
and 4 per cent, potash, which gives a ion of 4*5 Ibr the 
whole. Between C. G. Gmelin's analyses and mine there 

prevails n s;itisfactory coincidence ; only the silica of the 
former should perhaps be somewiiai cater, as the small quan- 
tities of it which constantly acconi[)aiiy liie other constituents 
were: not separated and added to tlie main quantity. Thai M. 
Gmeiin did not redissolve tiie silica in carbonate ol hoda can 
scarcely have given rise to any inaccuracy, as on eniploviui'' 
good pieces of this ela.'olith the silica i& always luuiui iVce 
from foreign ingredients. Likewise in the amount of alkali 
thb ftDalysis dimrs slifirhtly from mine, bat this undoabtedly 
arises from the method employed by him being leas pnfect 
then the one now in use for the determination of potash and 
soda. The sum of the chlorides agree on the other band per* 
fectly ; Gmeiin obtained 39* 1 })er cent» and I very nearly 39*0, 
which proves that only the relative quantities of potash and 
soda were somewhat inaccurately determined in Gmelin'a ana* 
lysb. 

S« Brom EUeoUth from tke utme Iccaliii^. — This varie^ 
has not, as far as I am aware^ been Utherto analysed^ as it was 

always considered to be a modification of the green elieolitfa» 
which is fully confirmed by tlic following analyses. I am in- 
debted to the kind aid of Mr« VV. Francis for analysis 6| made 
in the laboratory of Profeiior H. Rose;— 

6. 7. 

Silica 45*51 45«55 

Alumina \ o.,.-^ 3^*00 

Peroxide of iron/ ^^^^ 1*41 

Lime 0*81 trace. 

Soda 15-86 1609 

Potash . • . . 4*50 5-02 

Water .... 0*78 



100*21 100b5 

The specific gravity was found to be 2*6 1 . , 

4. WhUe ElitdUth from the llmen Mountains in Siberia, — 
The occurrence of this mineral has been described by Pmo* 

fessor Gustav. Rose** 

The llmen mountains consist for the greatest part of a rock 
of white felspar, black uniaxal mica, and nepheline, thus ex- 
hibiting, but far more so from the other minerals it contains, 
such as zircoD» pyrochlor, great similarity to the zircoo- 

• Pogg. Jtmakn, vol. iJvii. p. 377. 
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iferous syenite of Fmlriksvarn. It must be considered, as 
it were, as a granite in which the quartz is replaced by clteo- 
)ith. On account of its evident peculiarity and its large dis- 
tribution, Professor G. Rose has proposed for it the name mi- 

ascite (from the river Mins in the neighbourhood of its OOCUr* 
rence). It*? spcciiic gravity I found lo be '2*60. 

Two fiiial\ scs oi this mineral have recently been published 
by M. lii'omeis ^, who obtained the following results : — • 



Silica 


42-51 


42"3S 


Alumina .... 


33-73 


34-39 


Peroxide of iron . 


trace 


trace 




0-20 


0'47 




li-Ol 


16'26 


Potash .... 


6'91 


5-95 


Magnesia • • • 


0'77 


0*45 


Water • • • • 


0*92 


0*92 




99*05 


100*77 



Mr. Francis and I have likewise escamined this mineral. 
The result 8 is that which Mr. Francis obtained; the result 9 
that which I obtained by analysis:— * 





8. 


9. 






44*07 


Alumina. . • 


. 33-25 


33*12 


Peroxide of iron 


. 0-82 


0-57 






0-26 


Soda . • • . 


• 16-02 


15-70 


Potash . • • 


• 5-82 


5-69 


Mngnesia • * 


. 0-07 


trace 


Water • • • 


. O'OO 


0-90 




100-60 


100-31 



The results of the two last-mentioned analyses diflfer from 
those of M. Bromeis, particuhn ly in the amount of silica. I 
shall subsequently return to this point. 

5. l^cpluiiucfrom Monte Somma (Vesuvius). — This mineral 
occurs very differently from the preceding ones, it always 
being found cry^Lallized in G-siUeJ pii:}ins with Lei minal laces 
perfiendicular to the axis, combined with one or two hexa- 
gonal pyramids. It is situated in cavities of the dolomitey 
accompanied by garnet» vesuviany anorthite^ glassy felspar^ 
* &c. All these minerals present exactly the appearance of 

* Pog$* Annalgn, vol. xlviii. p. 677. 
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having been sublimed into the Bssufea and cracks of the do- 
lomite. The apecifio gravity of this ntphdilM I found to be 
It bas been mXymA by AriVodaoii» who foandLiti com- 
poiitioo as follows:— 

Alumina (with some Ivon and maDgonete) • • •S*VS 

Soda S(^46 

Water 0*6t 

Silica 44>1] 

98*92 

As it is wy difficult to obtain the crystals of nepheline 
quite pure» without portions of the other minerals with wbtch 

it is nccompanted bein^^ mixed with them, I had the precau- 
tion to take ft separate (juaiititj of the crvstnls for ench analy- 
sis without previously pulverizinq; the w hole Loouilicr. Now, 
if the result of the analysis \v:i, iniliienced by foreign mine- 
rals, this influence must ai l^a-st vary in the dillerent analyses, 
ami consequently produce discordant results. Two analyses 
gave 

10, 11. 

Smca 44^ 

Alumina. . . . 58*S8 93*04 
Peroxide of iron « 0*65 0*39 

Lime 1*77 1*83 

Soda 15^ U*9S 

Potash . . • . 4.-91. 4-72 
Water .... 0*21 0*21 

100*32 99*40 

The amount of water» Irom want of material» was d^ermi- 
ned only in one experiment. In both analysesinotwithstaodi^g 

tbe great precaution taken in choosing the fragments of the cry- 
stals, it was impossible to prevent a quantity olTorcign minerals 
getlinfr into the analysis, which was, however, not decompo- 
sable by hydrochloric acid. In the first analysis this mixture 
amounted to ;il)OUt 3 per cent: in the second lu about 5 per 
cent As fmin this cause, notwiihsUiiulino: the rtcnr agreement 
of the results, doubts might :iriseas to thcii- jHifect correctne^ 
I analysed a third portion o{ nepheline. Tinough the great 
kindness of Prof. G. Rose I received from him ibr this pur- 
pose a very fine crystalline geode in pare dolomite^ containing 
crystals perfeetly ftee from all foreign minerab^ widi a por^ 
tion of Tesuvian which was easily removable. I fiHmd diis 
to be composed of 
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12. 

SilicR 44*04" 

Aluniiiia 84*06 

Peroxide of iron . . 0"44 

Lime 2"01 

PotSLnh 4*52 

Soda 15*91 

Magnesia • • . • trace 



Water O^dl 



101-19 

The dliea» on diaaolviiw it in carbonate of loda^ was fband 
to be so pure that it only kft 0*004 gr. insolobie matter. The 
amoant of water was stdopted from the first determination. 

The agreement of this analysis with the two former^ sets it bo* 
^'ond all doubt that the foreign minerals which were present 
m both the former had not exercised any Infiiienco on the 
results. The quantity of alumina in analysis 12 seems, how- 
ever, from some rimin^stnnce or other, to he stated too b'i^b, 
as it is about 1 ])i r cent, greater tbnn in llie analyses lo nntl 
11, and the analysis gives I percent, overphis. However 
this may be, it results from iIk tbree intjiaries, Tst, that the 
nepbeline contains a larger quantity of lime than ela3olitb; 
2nilly, iliuL »i)cl;i and potasb are contained in both. In these 
two points my analyses dillci entirely from those of Arfvcdson. 
He mentions, it b true, having found some lime, but that the 
ouantity was Coo small ibr accorata detannioationt It ma^ 
therefore be the case that all nepheliiMS do not contain this 
quantity of lime» amounting lo It per cent., if the reason of Arf* 
vedson s not finding so considerable a quantity of lime is not to 
be soittht for in the method he employ eil ; viz. instead of add* 
Ing oxalate of ammonia immediately to the liquid filtered from 
the alumina, first neutralizing it with hj^drochloric acid. The 
point of neutralization might here be easily exceeded, and some 
oxalate of lime remain dissolved in the f7uid. That Arfvedson 
found no potash, probably arises from his using lor its dctcC' 
tion a far more imperfect reagent than chloride of piiiUumn* 
viz. tartaric acid. 

6. fVkite Elaolith from Kaiwenbuchel in the Odermalde — 
This variety is found in isolated crystals in dolerite (ncpheline 
roclc), which breaks through the sandstone of the Katzen- 
buche!. Prof. L. Omelin has fjiven im nnalvsis of it in a 
paper by iiim and Protl Leonhardt> which 1 will here cite. 
It gave 
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Silica 43*86 

Alamtna 83*49 

Peroxide of iron (with some maiigaiiese) • 1*50 

Lime 0*90 

Soda 13-36 

Potash 7*13 

Water 1*39 



101*13 

I likewise have analysed a portion of this varietjr. It was 
however iinpossible^ notwithstanding every precaution, to ob- 
tain perfeetfy pure crystals, as the very crystak ineioeed mi- 
nate parts of the rode in their interior. Their nucleus is 
frequently the most impure, ofhm exhibiting a 6- or 
opacity, which is environed by a more transparent irame. I 
found it to be composed of 





13. 




, 43-70 




. 32*31 


Peroxide ol iron . 


. 1*07 




0-84 




, 15*83 


Potash • * « • 


» 5-60 




. 1*39 




100*74 



Tlie amount of water Is lim adopted fitun PcoC Omdui^s 
determinfttion, as a sufficient quantiWof pure mmeral was not 
at my disposal. The siliea separated by hydrochloric add left 
about S*5 per cent residne^insoluble in carbonaleof soda, which 
evidently consisted of minute parts of the rock. A consider- 
able difference between M. (^melin's analysis and mine will 
be found solely in the relative quantities of potash and soda. 
The source oi this is without doubt to be sought in the mode 
of determining these two alkalies employed by L. Gmelin. 
He weighed the heated chlorides and determined by a 
solution of silver tlic qnnntity of clilorinc contained in them, 
and thence calculated tiie requisite quantities of chloride of 
potassium and cldoride of sodium which must be jne^ciit 
to give this quantity of chlorine in the mixture of tlie two 
salts. On closer consideration, it is evident that every error 
of weight is gieally increased by calculation, as a small 
defect in the quantity of chloride of silver corresponds to a 
considerable difierence in the relative quantity of potash and 
soda. 
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IL QUilNTITIES OF HT0IIOCHLORIC AND SULPUUiUC ACID IN 

EL^OI.ITIIS. 

In the precedino^ nnnlyses I have omitted two constituents 
which well deserve a separate consideration: these are small 
ouantiiies of hydrochloric and sulphuric acids which occur in 
these minerals. M. Bromeis first drew attention to this sub* 
jecty and I have fully confirmed bis observatioiis. To test 
the variona apecict of elMltth aa to the qnantitiea of tbeae 
acids, I always employed distioct qnantitieSi wbicbi powdered 
finel^y were decomposed by ohemically pure nitric acid. The 
miiriatic acid was tnen determined by a solution of silver, and 
the sulphuric acid l)y chloride of barium* M. Bromeis fouod 
io the white elacolith from the Ilmen mountains 0*04? per 
cent, hydrochloric acid. I obtained the foUowbg results:*^ 

HydrochMc Salphoric 
add. acfd. 

Green el.Tolith from Arendahl . . trace trace 2 exp» 
Brown eiseoUth from the same lo»\ ^^^^ ^ 

CJllltv • • • « . . • «J 

White elicoiith Irom tl)e Ilmen 1 ^^^^ 

mountains j 

Nepheline from Monte bomma . . 0*22 0*10 1 exp. 

The same 0 05 trace 2 exp. 

The li r^t and second experiment with the nepheline diffier 
very much, winch probably arises irom a quuntiLy of those 
crystals being taken wiiieh weic employed for the analyses 
10 and 1 1, containing foreign minerals which, as for instance 
davyne, in ight easily mcrease the amount of the acids. As the 
quantities are so aroally 1 wUl not ▼oneh Ibr perfect acca* 
racy in the quantities stated^ ; thus much however, cer- 
tain, that thev exist in the eleoliths examined, Th^ are 
not expelled by exposing the mineral to a red hea^ but may 
be detected in the mass after heating which is as easily de- 
composed by acids as before. Nor can they be extracted from 
the finely powdered mineral by boiling in water; it iience re> 
suits that they cannot be simply combined with an earth or an 
alknli, hut form nn essential mineral combination, probably 
repJac ln<^ a small quantity of silica. At first I suspected that 
the portion of silica, always remaining un{ii -,-c)lved on decom- 
posing the mineral with nitric acid, miglit pus^ihly produce 
opacity with a solution of silver; but this cannot be the 
case, as the opacity, with tliflerent species of elajolith, under 
similar circumstances, differed considerably ; thus, ior in- 

* Iv pcci ns the small quantities of the chtoride of lUver were slwayi 

of a l)l;iLkisli col Mir, nnil not fusible. 

r/uL Mug. 6, a. Vol. 17. No. iU5. Au^, 1840. I 
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alniOBb With th« hremn one ftom FMdrikmni> them 
MSftrody a perceplibU tra«6| wbila the white specias from 
the Ikten Momtuns and the nepheline fit>iii Mopte Somme> 

deposit a precipitate after some days' standing* Hvdro* 
chloric aeia is probably e widely diffased constituent or vol* 
canic minerala { I have^ fer instaoof^ found distinct traces of 
it in Analcime. 

IIL CHEMICAL FORBfULA FOR THE ELJEOLTTH8. 

From all the analyses above detailed, it results, to a cer- 
tainty, that botli tilaolith, as well as nepheline, must be con- 
sider^ as composed of $ atoms silica» 2 atoms alumina, and 
atoms alkali. The alkall» however^ always condsts of 4 
equivalents of soda to one of potashi calculated acooirdfaigty» 
it shoiddbethus: 

Silica 44-67 

Alumina 89*12 

Soda 16-12 

Potash «... 6-09 



1 00-00 

Here, however, no notice is taken of 1^, the amount of 
water, 2° the amount of hydrochlorates niul sulplmtes* If 
we take both into accinint, we find that the bpecieb ot tlitolilhs 
examined contain aboiu from 0*5 to 2*0 per cent foreign con- 
stituents, which must be proportionally subtracted from the rs- 
scultal coubtituents. An elceoUth would thus be composed of 
0*d per cent foreign 1 per cent foreign 2 per cent, foreign 



aaioa. .44H5 44^23 43*79 

Aloasina SMS 32-46 

8oda . « 16*04 15-95 15*78 

IV)tadi . 6-06 6*03 M7 



99-50 99-00 99-00 

But according to the view which pre-supposed in elaeolith 
4 at. siiici^ 3 at. aluauna, and 3 at* alkali adopting the ibr» 
mida' 

the three corresponding compositions should he 

Silica . . 4 1-58 41-36 40 94 

Ahiminn. 34*67 34*50 34-15 

Soda . . 16-88 16-80 16*63 

Potash . 6-37 6-34 628 

99*50 99*00 93*00 
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Since all the elaeoliths snalyied approzimaUs in the quaii* 
titj of foreign constituents to one of these three cases, a com- 

Eirison may be easily instituted between the compositions 
und and the corresponding calculated ones. It will then be 
seen thatnone of the analyses approach to the atomic propor- 
tion of the old formula, with the exception of M. Rromeis* 
two analyses; but even these still give 1 per cent silica more 
than ii required by the old formula, although M. Biomeis 
undoubtedly took the greatest precaution not to iind too 
much silica. 

It might still be supposed by those who cling so fast to the 
sacred number of three in chemical formulae, that some cir- 
cumstance or other in the mode of analysis pursued by Mr» 
Francis and myself roav have produced the constant supposed 
overplus of silica; I will therefore give a sketch of the method 
we employed. The mineral in powder was triturated in an 
agate mortar, and dried in a water bath, and was then treated 
with hydrochloric acidi with constant stirring, till the forma- 
tion of a perfectly gelatinous mass occurred : this was left for 
some time, usually a day, in a warm place, and then in some 
analyses evaporated to firyness ; and in others, still contain- 
ing acid, treated immediately with water. The mass eva- 
porated to dryness was again moibtened with acid, and 
after an hour water was added to it and it was filtered. The 
silica, after incandescence and weighing, was tested as to its 
purity by bdling with carbonate of soda. Small qoantitfes of 
silica were subsequently separated from the alumina, per- 
oxide of iron, and the mixture of chloride of potassium^ and 
chloride of sodium, and were added to the chief quantity. 
With this method there are four points of doubt, in which 
it is uncertain whether the amount of silica is influenced. 1. 
It may be questioned whetlier, when the mass of decomposed 
mineral, evaporated to dryness, is moistened with hydro- 
chloric acid, and left to stand in tfiis state for an hour or so, 
all the hydrochlorate of alumiiia, winch iius become basic, is 
re-dissolved. That this is, however, the case, is evident from 
there beiuff no perceptible diileience in the amount of silicu, 
whether all the acid is expelled or the gelatinous mass, con- 
taining immediately acid treated with water. % On boil- 
ing the silica which had been heated to redness with a con- 
centrated solution of carbonate of soda, there was always left 
an insoluble residue. Two cases must here be distinguished. 
This residue either consists of light flocks having the appear- 
ance of silica, or of these and a heavier powder of a sandy na- 
ture, and which is evidently some foreign mineral not decom- 
posed by the hydrochloric acid; it musty tbereibre» in per* 



Digitized by Google 



116 M. Scheerer's Observations on Elaoiilh and Nephdine, 

Act ftoenracy, be subtracted from the qnantlt^ employed for 
the analyses. Bat the flocks M. Bromeis eonnden to be aln- 

mina, which was still retained in the nlica, and was not dte* 
served on boiiing in carbonate of soda. This, however, is 
not the case; for if these flocks are filtered and dried, they 

form a powder which, before the. blow-pipe with <!oda, gives 
a perlcctly clear glass. To be more surely convinced of the 
nature ot tliis residue, I decomposed 10 gr. of the white, and 
10 gr. of the f^reen clicolith with hydrochloric acid. In 
both casea I obtained from the silica sufficient quantities of 
this residue to be able to examine it more accurately. I found 
it to contain above f silica, and only a iiltle alumina, and a 
trace of the peroxide of iron ; it cannot, therefore, be added 
to the almnhia without committing an error. 3. M. Brom^ 
conceives that alumina may still oe contained in Ae silicBy 
separaled from the heated alumina, by long digestion, in hy- 
drochloric acid. The quantity of it can» however, be but ex- 
tremely slight, as this residue acted before the blow-pipe as 
pore sUica. If, indeeil, which is possible, it should still contain 
a small quantity of alumina, it is certainly balanced by the 
trace of silica, which is re-disaolved on boiling with hydro- 
chloric acid ; for if the alumina and peroxide of iron, dis- 
solved ill hydrochloric acid, be again precipitated by ammo- 
niac, I lie precipitate a^^ain heated and dissolved still gives 
traces of silica*. 4-. Of wluit lioes tlie residue consist which 
remains on dissolving the chlorides of potassium nod sodium? 
In the first analyses 1 always added it to the silica; but in so 
doing I committed an error, as I subsequently found it to 
consist of alumina, silica, lime, and at times magnesia. The 
first analyses give, therefore, according to mv formula too 
much silica. I was deceived hy the insdnbifltv of this te- 
sidne in acids, bat allerwafds mnd that it did not give a 
glass on being tieatsd with soda before the blow-pipe. 

In the later analyses I have attended to all tOM points. 
The powdered mineral was decomposed with dilute hydro- 
chloric acid, which has the advantage, that the elaeolith dis- 
solves in it to a clear fluid, and the particles of foreign unde- 
composed mineral may easily be detected. 

After all the facts quoted, it seems to me fully established 
that el«olith and nepbeline contain d at. silica) 8 at. alumin% 



* That a portkm of the rilSea isie-dinolfed, imgr be explained in the 

lowing manner. Silica which, nfier incandescence, is insoluble in acid. 

Incomes soluble whrn fused with an alkali. Rut even is not re<jMi-itc ; 
many other of thu i>irouger 'Mses have the property oi rcndcraig it jpart^ 
•oiniile; 
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and 2 at soda and potash. These elements can in no way be 

more simply combined than in the formula j^jal Si + 2AlSi; 

or, if r^rd be had to the proportions of potash and soda 

(Ka« Si + 2 Al Si) + 4 (Na'Si + 2 Al Si). That in tliesc 
formulas the alkali (serai- silicate) is combined with more silica 
than the alumina silicate) cannot appear objectionable ; it 
is, indeed, plain that this must aliws happen, if, on the forma- 
tion of a mineral^ there is not sufficient silica present fully to 
saturate all the bases; these will then divide the quantity of 
silica amoiur themselves according to their affinity. Thus, for 
instance, felaspars, as a constituent part of granite, is always in 
contact with superfluous silica; potash and alumina which it 
contains are perfectly saturated with it. But the elseoliths, 
whether in syenite, miascite, nepheline-rock, albite, Sic, do 
not occur nccompauied byy^vr rjuartz. There was, therefore, 
a want of silica at their formuLiun, nnd the potash accordingly, 
on account of its great affinity, took up a greater portion of it 
than the alumina. 

The proportion of the oxygen in the alkali, relative to that 
of the silica, as 2 : S is, moreover, not wholly n^w in mine- 
ralogical formulae; for, according to the investigations of 
Waunstedt*, repeated by Regnanltfy prehnite should have 

the formula Ca* Si + Al Si -f H; but very probabl}' a similar 
relation occurs in many other niiiierals where the analysis does 
not agree well with the formula, i will not here mention my 
suspicions, but only give one instance, which speaks evidently 
in favour of my opinion. This is, the cancrinite, recently 
analysed by Professor Gustav RoseJ. Two analyses gave 



Silica . . . 


iO-59 


40'26 


Alumina • • 


28*29 


28*84 


Soda . • « 


17'88 


17*66 


Potash . • « 


0*57 


0*82 


Lime • • • 


7'06 


6*34 


Carbonic acid 


6*88 


6-38 




100*27 


99-70 



Profesbor G. Rose advances accordingly the following for- 
mula, of which, however, he himself adds that it does not 

agree well:Na^Si+ 3A1Si + CaC. 

• Berzelius, Jahresbericht, No. V. p. 217. 

f Ann. (h^. Mines, Scr. HI. T. xiv. p. 154. 

i See the obuve-xuciitiuacd 2kI&iuoir oo the IhneDgebirge. 
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Tbe mineral might therefore be r^gwded w oonsisting of 
1 atom soda elseolith (according to the older fonnola)* ana of 
1 utom calcareous spar, aod should have the fbUowing com* 
positiou ; 

Silica . . : . . SR-23 



Alumina . . 
Soda . . . 

I m 6 • • • 
Cai bouic acid 



19*41 

5-89 
4-58 



100*00 

But if my fbrmula be adopted as the correct one Ibr dlBO- 

Uthf caucriuite would be expressed b^ the formula Na^S 

+ S ^ Si + C, and calculated accordingly, should have 
the composition : 

Saica 59*11 

Alumina • • . « 28*98 

Soda 17*65 

Lime 8'OS 

Carbonic acid . . 6*28 



100 00 

A more satibtactory agreement of the torniiila with the com- 
position found can scarcely be expected in analysis. They 
appear merely to differ in the formula giving tiie amount of 
lime about 1 per cent. lii<^her j but tins difference disappears 
almost entirely if we ailniit that the potash replaces a portion 
of the lime. 1 haL lime and potash replace one another 
is evident from the analyses 10^ 11, and 12 of nepheline. 
This latter is, indeed, only essentiaUv different from the other 
elssoliths by the greater quantity oi lime it contains; but it 
seems that principally the amount of potash has been dhni* 
nished by its occurrence^ while the soda dkiN^ not at all diftr 
in p r ( . 1 ) u I t i o n . Cancrini^ therefore, actually con tal n s 1 at. of 
nepheline of a composition, such as was formerly adopted 
for the Vesu^'ian nepheline, but which has hitherto not been 
fonnd in an isolated mineral. 

On closer consideration, it will be found that the cancrinite 
affords even a better test lor the correctness o\' my foriiujla 
than the elaeolith itself. The atomic value of the elfieolitb, 

acoordmg to the older fbnnula (if wa add 4 S, 8 Al, f *lr Nif 

aod 0'6 Ka together), equals 5529, according to the new 

one ijS S « Al, l<6 ka, and 0^ Ka AM addid) m 8877* 
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Vcw maoB Um weigh t of 1 at. of carboiuito of lime is it 
mnlli that comiCMnifak diflonooea nuit originate by lliiM 
diflbrem ttomie tbIims on the per centage calculation of dio 
oomtitiieDtt of a combination of both atoms. In fiu^L wm 
tiie atomic we^^ of dmolith = 5599 the eaneriiiite ou^ht not 
to contain more than about 10 per cent, carbonate of lime; 
while, according to my formula, it should contain 14* per 
cent. But the latter number is lilcewise ooofirmed by the 
two analyses of G. Hose* 

IV* CO&OOft Of TBM WLmOUTBB* 

Only two of the analysed varieties of this mineral possess 
coloyr, thoie from Fiodxkkivi&niy Ao one fmii» tbe oilier 
brown. Wbcn both am finely powdered mid deoompoaod 
with oonoMittBfeed hydroddotie aad» the silica sepmted liae 
the saaw coloor, only in a less degree. This is especially 
ofident in the green eUsolith, which is more intensively 
colonrsd than tlm brovn» and with which I tfaerslbre chiefly 
perlbrmed experimants. Even when the coDcaatrated hydro* 
chloric acid is evaporated, and the dry mass again moistened 
with acid, and treated with water, the filtered silica still re- 
tains its colour, which, howevtr, immediately disappears on 
heating the silica. It is further destroyed when ihe silica is 
healed with nitric acid, or the mineral deconiiu)sed by fuming 
nitric acid. This latter action sudiciently proves the colour 
to be of organic origin. But the colouring substance must 
ceriaiuly be of a peculiar nature, as ti wiUibtands the action of 
fuming, uay^ even chlorlferous hydrochloric add. 

TheMiowiDg are the main lesnlls aflbrdad bv dieae ex- 
amim<ions of 3m eksolitha. 1. The fimmk lor ebselltk 



•od Depheiine must be altera! to Si 4* ^ Al Si* The 

ka« L 

atomic relation of loda and potash is as 4i !• Both mine* 
rals are peHectly identical^ tlie latter being mmiy chaiaoler^ 

ized by a somewhat greater amount of lime. 

2. Elfpoliths, from the most varied localities, exhibit traces 
of hydrochloric and sulphuric acids, especially of tlie former. 

3. The ainuuni of water in ehroliths varies eoDsideiablyt 
and must be considered as nccidentai. 

It is probably only hygronietric, and is perhaps prevented 
from evaporating at 80** R. by a force similar to lliat which 
several porous bodies exercise on gaseous substances. 

4f* The colour ot hoiiie elieoliths is of or||ranic origin. 

5. "Hie specific gravity of the ebeoliths is exceedingly near 

10 
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XVIII. On the Theoretical Constitutimi of the Compounds of 
Ammonia. Btf lioiibiiT Kane, M»b,y M.KJ,A, 

IN the course of the mvestlgations to which I have subjected 
the \arious classes of compounds that ammonia is ca- 
pable of forming, it has been my lot to submit to the consider- 
ation of chemists a great number of theoretical views to which 

I had been led by my experimental results, and by which I 
conceived that the mutual connexion of the difFereui classes of 
ammoniacal compounds could be explained, and their origin 
and properties accounted for more satisfactorily than it was 
possible to do by means of the ideas tliat had been previously 
received in science, in advancing this new theory of the na- 
ture of ammonia and its compounds, I was not so sanguine 
as to expect that cur ideas or a department of chemistry so . 
complex-^nd so important could be immediately or easily mo* 
dified^ or that the adoption of my views could take place with* 
out much conflicting reasoning and discussion. In this respect 
I have had cause to be very much gratified. All principles 
that can be considered as really vital to my theory have been 
adopted by the most eminent chemical philosophers, and in 
place of hiAng dissatisfied tlmt in tlie collateral parts of the 
theory sonic portions have been thouglitnot positively proved, 
and which have hence been criticized and left for the lime 
aside by Giiiham anil by Uoae, I was at once buipiised and 
pleased to bee how little had appeared in tlic eyes of these 
acute-minded chembts unfit for being at once adopted into 
science. 

I believe,'however, that even in tliose portions of the tfaeonr 
to which Graham and Rose have not accieded, some of thediN 
ficulties arise from a want of clearness and detail in the de- 
scription of my views, into which error I fell from being too 
anxious to avoid prolixity. As also since that period some 
additional evidence has been obtained wliich corroborates my 
opinions, I shall now advert to tiiose points which are yet de- 
bated, and periiaps place them in a clearer point of view than 
had been none in my former paper. So far as regards the 
action ol ammonia without water, all my ideas have been 
adopted ; but in the relation of the ammonia and water in tiie 
common ammoniacal salts, where the ammonium theory of Ber- 
zelius comes Into question, the evidence for my theory has not 
appeared so perfect. In fact, in order to see the true xelattou 
of the Berzeuan theory to mine, it is necessai y to contemplate 
the common salts of ammonia under two different points of 
view,— 1st, iAeir jpasiiion as alkaline saU$i and Snd^ their po^ 
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iidrn as compound bodies^ wiikM r^ennee to rni^ other eir^ 
a mt t m K t. In the fifH the proper theory of the raits of sm- 
noiiia is that of Beneliiuiy but lor the second purpose it is ne- 
cessary to adopt the ideas on which mine is fonnded. 

For in fiict the question isy What is sal-ammoniac ? Its 
most striking philosophical character is its equivalence to chlo- 
ride of potassium. It has the same crvstalline form. It enters 
into combination subject to the same laws. They are two bo- 
dies formed decidedly upon the same plan. But chloride of 
potassium contains only two elements, while sal-ammoniac 
contains three. There is one common to both. The residual 
eleriiLiits are equivalent, and (Ji K and C! NHj, as well as 
K nml N H,p are bodies which correspond to each other. 
Ammonium when isolated, as it has, in the amalfrnm, all but 
been, appears to possess the properties of an alkaline iiicLal ; 
it markedly resembles potassium. That is the Berzelian 
theory, in which to the full I believe as well as Berzelius. 
The eqaivalency of sal-ammoniac and chloride of potassiom 
is a fiict, and the equivalency of the K in the one and of the 
N H4 in the other, is the natural inference from it When 
therdbre the equivalency of the ammoniacal and potash salts 
is under question, the ammonium theory is correctly used: it 
is not ammonia, it is not amidide of hydrogen which replaces 
potash, but it is to be called oxide of ammonium in compari- 
son. 

But if we for a moment cense to consider the relation of the 
ammoniacal and the potash compoimds, and taking sal-ammo- 
nine by itself, proceed to examine wlint light can be derived 
from other sources towards illustraliiig its internal constitntion, 
the question presents itself, can we believe the ammonium to 
be ready-l( ! incd in ^ai-amnioniac? Can we consider the am- 
luonium, which in tlic amalgam gives up its hydiogen sponta- 
neously, to retain iL so strongly when in contact with iodine or 
chlorine, and to enter into conibinatiou only as a single and 
' perfect ffroup ? The answer to this question, in the Naming 
of which all the dasses of ammonia compounds require to 
be taken into account, led me to the development of my the* 
ory. 

Thecombuiationsof ammonia with the anhydrous chlorides 
of copper, zinc» and mercury, resemble in all essential charac- 
ters sal-ammonuc, and moreover, like i^ those which are vo- 
latile or soluble without decomposition are found to belong to 

the rrcrnlnr system of crystallization. They further combine 
with the metallic chlorides of the magnesian class to form dott* 
ble chlorides. Thus there are 
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1. CI U, N and CI Cu + CI H^N. 

2. CI Cii N H3 and CI Cu + CI Cu H3 N. 

3. CI Zn N H3 and CI Zn + CI Zn H3 N. 

4. ClHgNHs andClHg+ClHgHgN. 

The completeness of the analogy thus indicated is acknow- 
ledged by Graham, who proposes to extend the Berzelian the- 
ory so as to include these cases. He nssnmcs', that in the 
compound radical ammonium the hytlro^cji may be replaced 
by a metal, and thus a cuprammoniuin N H , Cu, a zincam- 
monium N H, Zn, a h^drargamniouium N H3 Hg, may be 
capable of individual existence. If Hgand I J are replaceable, 
then Hgj N is equivalent to H4 N, and thus he agrees with 
ine that the type of sal-ammoniac and white precipitate 
(CI H . H Ad and CI HgH- Hg Ad on my theory) is the same. 

But why have we not CI H N, or CI Cu, H N, or CI 
Hgi N and CI Zn^ N« taking their place among these bodies 
generated by ammonia? For CU4 N or Zn4 N would also be 
equivalent to ammonium. The replacement stops when there 
remain yet two equivalents of hydrogen to the nitrogen ; and 
it is oidy by a temperature such as destroys completely the 
constittnion of these bodies that a metallic azoturet can be 
produced. 

The compounds containing oxygen acids are precisely simi- 
lar to those chlorides just described. The bodies 

S O, . O Cu N H3 and S O3 . O Cu + S O, . O Cu X H3 
S O, . O Zn N H3 and S O3 . O Zn | S O, . O Zn N H3 
SOa.OHNHa and SO..OH +SO..OHNH3 

ond SOS.NH3+SO3.OHNH3 
are so obviously similar in constitution, that the one explana- 
tion of their internal structure must be admitted. 

There exist thus two sorts of comoounds* which are ordinaiy 
ammooiacal salts with metallic oxioe in place of water, or in the 
words of the theory of Graharo» that contain ammonium in 
which hydrogen is replaced by a metal ; those as CI. Hg N 
in which one equivalent, ai]d those as CI . Hg N H^ Hg, in 
which two equivalents have been thus rephiced. The sub- 
stitution stopping there sliows thjit N Hj is fixed, and thus that 
even il these various sorts ol ammonium be admitted, the ami- 
dogene must be considered as pre-existing in them; and as 

Graham admits my formula for ammonium N H4M Ad| ^ | 

so his metallic ammoniums become 



Ad 



CV I Zn» 



Hg, Ad 



H 



and soon. 



Under this form the ammonium theory is capable uf being 
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aoiiipoiudfa0wlydnoowed»--4mterait«mbiM WImd 
calomel i* iraatod bj water of ammonia there it fanned the 
body, Hg, CI + Hg^ NHf. If the emmooiym theory be ap» 
plied to tnis body, are we to make % new oomponnd ndicBl» 

and say it is CI + N Hg^, and to say that the correspond- 
ing body S Ob . Hg2 O + Hga Ad is S O3 . O N Hg^? 
Here, then, is no parallel whatever ; these bodies lie altogetner 
out of the possibility of replacement connecting them with or- 
dinary ammonium ; and it would be far too violent a supposi- 
tion to assume the existence of a body, N H^, in order to sup« 
port the disputed existence of a more likely body, N H4. I 
consider this example as being fatal to Graham's view. Sub- 
limate CI Hg gives white precipitate CI Hg . Hg Ad, calomel 
CI Hg2 gives black precipitate CI Ug^ . Hg^ Ad ; relations so 
umple, so natural} that it should require very strong reasons 
indeed to prove Chet thev ere nol mmt consonent to tmUi. 

If the theory of netalho emmoninms were edoptedi it would 
be only juit to give to it its proper fimn. A lulphate of am* 
monie perfeotly tsomorplioos with tnlphate of potash containa 
S O3 . N H3 + 2 H O. The replacing element of the potasnum 
is therefore (N H5O); there is no doubt of this; it is one of 
Mitscherlioh'e best establiihed determinations ; (N H4) and 
(N U5O) are equally isomorphous with potassium. Hence as 
sublimate treated in the cold with ammonia gives CI N H4 and 
CI . N Hg Hgj, so in boiling water we get CT-f- (N H^ Hg, O^) 
equally equivalent, and a sort of complex ammonium. The 
ammonia turbeth is thus: S O (N Hg^ O^) ; there is 
N Os + O (N H5 Hg4 OJ and 1 (N H^ Hg4 O^), and so on. 
Now the correspondence of the common oxychloride of mer- 
cury to these bodies has been proved by Ullgren, and it 
should therefore be looked upon as a chloride of a compound 
radical CI + ^Hgi CX). This is truly the principle involved 
in Graham's idea of compound ammoniums ; for no matter 
where we begin, we find the chain by which the common salts 
of ammonia and the common basic salts are connected so per- 
fodt thai whatever principle we apply to one includes the others* 
Already, two years ago 'May, 1838, Annalen der Pharmacie)^ 
I started the question. Were basic salts salts of compound radi- 
cals? and Liebigi in adapting a theory to the salts of platina dis- 
covered by Gros, approached nearly to the embodying of the 
same idea; bat further examination showed me that it is one 
which is at present quite unfit for science, the even partial 
adoption of which would throw into confusion the most posi- 
tive and simplest systematic iin aiigeinents that chemistry pos- 
sesses, and hence do much barm and no good. Havuig so 
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fnr considered the degree of w eif^^Iit which should he nttnched 
to the exlension of the ammonium theory proposed by Graham, 
I shall now pass to the objections which have appeared to Hose 
to lie af^ainst sonic portions of my theor3% 

Admitting the consistency anil coiiij)leteness of the arrange- 
ment which the compounds of ammonia with the dry oxy- 
gen acids and with the hydrogen acids assume according to 
my views, the illustiious analvst of Berlin yet considers that 
the assimilation of thehydrated ammonia salts of oxygen adds 
to thoee salts of the same acids which contain two equivalents 
of base is forced and unnatural ; and he says that in place of 
attending to the great fiict of the isomorphism of ammonium 
and potassium, I have neglected and suppressed that fact. 
This I by no means did; but this isomorphism was not the 
only tiling to be taken into account. h\ fact, when all things 
were considered, the argument about the isomorphism of 
the two alkalies is of most force on the other side, and uiy 
opinion is that on the side of ainiiu)niawc have outflankea, 
as it were, the line ol inelallic bases, and that liie constitution of 
ammonium, subamidide of hydrogen, is that which we shall 
hereafter find the alkaline metals to possess. The masterly 
researches of Rose himself on the sulphates and carbonates of 
ammonia are, as I believe, remarkaoly in favour of my view. 
In the carbonates of ammonia C O, . N Ha+CO,- NH3. HO 
and C O3 H O 4- C O2 . H O . N Hg what complete evidence do 
we obtain of the identity of type of N Hj^ ss Ad H and HO? 
In like manner if we look upon the series 

SO,. AdH + SO3HO. AdH, 
SO3. OH + SO^HO.AdH, 
S O, . O Cu + S O J H O . Ad H, 
S Og . O Cu -H S O3 CuO . Ad H, 

we are driven, in order to avoid considering the recognised 
nmmonium salt as a salt with two equivalents of base, to the 
adoption of the views of metallic ammoniums already suifici- 
entlv refuted. 

On my theory the only hypothetic assumption is the exist- 
ence of amidogen. The subsequent principles adopted that 

1. Ammonia NH , is N . H = Ad + H, 

2. ail-ammomac CI II . N H., is CI H + H Ad, 

3. \Vl»iie precipiULe Ci llg^ N 11^ is CI Hg + Ilg Ad, 

*■ '^!i'£i"<^u|sO,.HONH,ttSO,.OH +HAd, 
ammonia J » » » 

5. The black substance CI Ug^ N is Ci Hg8+ Hg^ Ad, 

6. Ammonium if ever isolated N H. 

are all experimental and necessary results ; there is nothing 
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hypothetical about them; everything follows from experi- 
ment. 

Now the existence of amido^ene is one of the best*68ta* 
billed and most universally recoiyed hypotheses in chembtry ; 
moreover^ it is adopted also by Graham and by Rose. But 
how many more hypotheses must they adopt for the theory of 

ammonium ! I shall only count up a very few^ or better, state 
that the number of hypothetical bodies necessary for the com- 
plete ammonium theory would be equal to the number of pos- 
sible meUillic amidides, therefore equal to the number of me- 
tallic chlorides nnd oxides at present known ; and this without 
at all touchinsr on liic tiicorv of basic salts, which, as I have 
shown, is a necessary consequence of the theory of complex 
ammoniums. 

If general and simple laws can be obtained by the intrO' 
ductioa of an hypothesis, and according as experimental re- 
search proceeds^ the new &ct8 gained are found to regulate 
themselves aocordinff to it» a real and important service is con- 
ferred upon science ny hun to whom we are indebted for it. 
But when a theory must change its shane and make a new 
assumption for each new fact discovered, as soon as the di- 
rect tendency of the theory is at an angle with that of research, 
and it must tack from side to side to keep the course of dis- 
covery in its line, its day has passed ; and notwithstanding 
the services rendered' to chemical theory by the hypothesis of 
ammonium, it is now, as 1 conceive, incapable of retaining its 
old position. Its great utility was in fixing alttnuion on the 
relations of the amnioiiiacai hiuI potash salts; but for explain- 
ing the immensely extended classes of compounds which am- 
monia is now known to form, it is insufficient. 

In a paper lately published by Mitscherlich, he describes a 
compound of chloride and azoturet of mercury S Hg CI + N Hg^ 
and ne makes an observation which, as connected with the 
present subject, I shall here notice. He says that the equivalent 
of white precipitate is not CI Hg + Hg Ad, but three times that, 
because it requires 3 (CI Ilg+ HgAd) to give CI Hg + 2NH3 
and 2 CI \\^-\- N Hg, : he snys tnat also amide of potassium 
K N Hj should be taken 3 K Ad, because it gives 2 N H.^ and 
KgN. Now this appears to me to be a very irrational me- 
thotl, for then the body CI Hg N H j, the simple formula of 
which Mitclierlitch admits, should be 8 (Clllg NH^), because 
it gives 2 CI Hg + 3 CI Hgg + N + 4 N Ha + 3 CI NH4. The 
hydrate of phomphorous add should be 4 P O3+ 3 H O, be- 
cause it gives P and 3 P O5 ; and a crowd of other exam- 
ples might be brought forward. The eouivalent formula of a 
body cannot be fixed thus from a single action or property. 
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Tha formula of sulphate of ammonia is not 4 (S . N IT4 O), 

because by heat it gives 2 (S . N H4 O) + 2 S 64 + 2 N, but 

every property must be taken into account, and our idea of the 

body derivrd from a careful iTKluction, based OH a Study of all 

the facts known of it and oi its conveners. 

The red subsUince described by Mitsclierlich resembles, in 

fact, those obtained by Rose with sublimate and pliosphuretted 

hydrogen, utid ihc bodies I have myself described, containing 

arsenic. In fact, as Laurent and Bineau have noticed mr 

azote^ and I myself for arsenic and phosphorus, thase sub* 

stances replace oxygen or amidogene in the proportion of ana* 

third of tneir ordinary equivalent. Phoapnoretted hydrogen 

p 

P H3 does not resemble ammonia N = Ad H, but — . H 

resembles Ad H or H O. The compound of iodide and phos- 
phuret of hydrogen resembles not the bydriodate of aniinoaia» 
which is I H + H Ad, but die oxy-chloride of mercury, and 
the compound of chloride and pnotphnret of mercury is si- 
milar. There are thus 



HI+3Hy 

HgCl + 3Hg^ 
HgCi+3HgO J 



all corresponding bodies. 



Now the ammonia compounds when decomposed by heat 
pass into this class,' in one or two cases the action being suf- 
ficiendy violent spontaneously to eflbctit, and the substance of 
Mitscberlich is 

N 

2 Hg CI + 3 Hg y resembling tjie above. 

I discovered this body myself when analysing white precipi- 
tate ; but as I did not wisn to stray firom the direct discussion 
of the amidides, 1 did not publish anything about it at the 
time. I formed also some otliers of the same class, which, as 
soori T can obtain leisure I will complete the eitamlnation o( 
and give the details of their history. 



XIX. On the Vompositioti qflmdin* Bjf Mr. £. A. Pabnell** 

THIS substance, which was first discovered by V. Rose 
in the root of I$mla Helenium^ in 1804, has since been 
foond by Payen and other chemists in several other rootSy as 

* Commuiucated by ^fimor GrslisiQt 
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Angdica Arehangelica^ Coiekieim auHmmale^ Hdianiha Me^ 
rosttf, &c., and in a few lichens,.as Lrfraxineus andJUJasti' 
giatus* Although known to be closely related to starch, and 
iDteresting as a probable member of the starch family (espe- 
cially in being converted into gum and starch sugar by the 
action of dilute acids), no examination of its composition has, 
as far as I am aware, been made. To supply this deficiency, 
I have perinrmed a few analytical experiments on inulin and 
its compouiuls, the results of which form the subject of the 
present coinnuinication. 

The inulin analysed was prepared from the root of the 
dablifli as follows : the moist root, with the skin previously 
remo^, was sliced, maoerated, and washed with cold water* 
This was boiled in fiveparts of water Ibr about an hour and 
a half, and filtered. Tne solution was nearly colourless, and 
quite neutral to test paper*. It was then evaporated until a 
pellide appeared on the sur&ce, and on setting aside to cool a 
large quantity of inulin was deposited in the form of a white 
pulverulent precipitate. This was collected on n cnlico filter, 
and washed with cold water until all the salts present were 
veiiiuved. It was then perfectly tasteless. Dried at a gentle 
heat, it became ^aimmy, transparent, and easily pulverised ; 
very soluble in lu)t, but sparingly in cold water. The liquid 
filtered from the first deposit of inulin gave an additional quan* 
titv on cTaporation, which was obtained pure by washing, re- 
solution, and evaporation. 

That used in the two first analyses was>prepared by adding 
alcohol to a strong aqueous solution ; on standing the inulin 
was deposited perfectly pure. That used in the third analy- 
sis was made without alcohol. 

1st, — 6*70 grains gave 10 ()5 carbonic acid, and water. 

2Dd.--6-82 10-87 3960 ... 

3rd.— 7-38 11-72 V260 



Oxygea 



1, 




3. 


Mean. 


. 43-95 




43-90 


43-97 




6-4.5 


6-41 


6-4-0 


. 49-Tl 




19-69 




100-00 


lUOOO 


10000 


10000 



This nearly approaches the formula H31 O^j ; Ihus 



* Payea directs chalk to be added, a free acid beiog present. 
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2«Ciirbon 1834*5 43*71 

21 Hydrogen • . • « S68«0 6-25 
21 Oxygen 2100*0 50*04 

1 Equivalent inulin 4196*5 100*00 

The analogy of this forruula (the lowest ^vliole liuaibers 
which can be given) to gum, starch, grape and cane sugar% 
will at once be apparent ; each of these containing the mole- 
cular group, 24 carbon, united to hydrpgen and oxygen, in 
the pi oportions to form water. But in the whole of these 
(with one exoeption^ the compound of chloride of barium and 
cane sugar, lately examined by Pcligot, H,, 0,|4-6a CI, 
or CS^ H,g 0,g + 3 H 0» Ba CI), the number of atoms ad- 
mitting of division, the equivalent becomes doubtful. In 
crystallized mne sugar, for instance, should the forinidn He 
Ogj, or C,, H,, 0||? While in the case of iauliu 
this division is impossible. 

To satisfy myself as to the constitution of this subsLmce, I 
endeavoured to combine it with nicLallic oxides, but the only 
one aueiuled with success was oxide of lead. Nciihei ace- 
tate nor subacetate of lead precipitates the aqueous solution 
of inulin ; but on mixinir its solution with the ammoniacal 
acetate of lead, or on adding ammonia to the mixed solutions 
of inulin and acetate of lead, a very balky white precipitate 
occurs, which is a hydrated inulate of lead. On heating and 
stirring it partly dissolves, and the remainder aggregates to a 
heavy tenacious mass, which also dissolves if sufficient water 
be present. It is readily obtained pure by wasliing the pre- 
cipitate as first produced in the cold with cold water, it being 
impossible to wash clean after it has aggregatetl. But there 
exist two of these inulates, possessing precisely tlie same 
physical appearances, and only distinguishable by ultimate 
analysis. I have procured both by the above process, and 
have in vain sought for the peculiar circumstances of the for- 
mation of each. Neither temperature, order of mixing the 
ingredients, relative proportions, nor strength of soluUons^ 
influences it in the slightest degree. The one most com- 
monly formed ])()ssesses the composition H,, O^i + 5 PbO; 
the other 0^ H,, 0,s 3 P b O, both being dried at 

I may remark, that I have always obtained either one or 
the other of these compounds, and never an indefinite mix- 
ture of both. 

Tiie mean of several analyses of one is, carbon 16-65, by- 



Digitized by Google 



Mr, £. A. Farneli on the composifkm qf Intdin* 1 29 

droffen 2*44 per oeiit» with 6S*4S per cent of oxide of lead ; 
whUe the other contains carbon 22-46, hydrogen 2*94, with 
51*83 per cent of oxide of lead* The foliowing formulfl» are 
the nearest which can be given to these numbers : 

Oilculnted. Found. 

24 Carbon 18S4*4 16 42 16*65 

21 HydiOG^en . • • 262-0 2*S5 2*44 

21 Oxygen . .... 2100'0 18'81 18*48 

5 Oxide of lead. . 6972*5 62*42 62-43 



11168-9 

and 

24 Carbon 1834-4 

18 Hydrogen . • • 224-6 

18 Oxygen 1800*0 

3 Oxide of lead. . 4183*5 



10000 100*00 

Circulated. Found. 

22 81 22-46 

2 79 2-94 

22-38 23*37 

53*02 51*23 



8042-5 100-00 100*00 

As first precipitated in the cold, these inulates are hy- 
drated ; they retiin this water if dried in the air, give it off 
slowly by being kept over sulphuric acid, and readily to air at 
212^. The one which contains 5 Pb O gave only 2 00 per cent, 
the other gave 7*00. This last, with allowance forhygrome- 
tric moisture, approaches 6-4, which is tlie calculated number 
fur five equivalents, making the formula Hjg 0,g + 3 P b O 
-f 5 H O. Thus, it would appear, that anhydrous inuiine is 
Iljg 0,g (isomeric with anhydrous canesugar^^ which, in 
the case of inulin dried at common temperaturesy is combhied 
with.S H O. With this water it does not part without decom- 
position. In ilie two lead compounds inulin is combined, in 
one with 3 HO +5PbO, and in the other withSPbO 
+ 5 HO. It is also possible that inulin in solution may be 
combined with eight equivalents of water» thus making the 
series 

Cm H,8 O,0 + 3 H O + 5 H O? inulm in solution, 

•••••• + 3 H O inulin dried at common temperature. 

...... +3PbO-f5HO. 

...... + 3 P b O. 

+3HO + 5PbO. 

That the group of three atoms of water is more strongly 
attached than the group of five atoms, is proved, first, by dry 
inulin containing three, and not five atoms of water, in 
combination with Cj H^q Ojg ; and secondly, by the compound 
Hj, Og, + 5 P b O giving off no water without destruc- 

I'hiL Mag, S. 3. Vol. 17. No. 108. Jug, 1840. K 
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tion of the remainder, while the other lead Gompoiind knes 
iive equivalents of water at 200^. 

The constitution of these substances may be viewed in 
a somewhat diilerent light. Water, existing as such, com- 
bated with any substance allied to starchy either basic or cou- 
stitutiona]» as suppoMd abov% is never known to be so mf^ 
malely combined wilh the substance as to be ineapaUe of 
displaoeinent by oxide of lead* espedalW under sudi a fiwonr- 
able circunistanoe as the pretence of free ammonia* When 
substitution appears impossible, it is therefore reasonable to 
conclude that tne waters if it exists at all, is neither basic nor 
constitutional, but is essential to the substance itself. 

The remarkable circumstance of inuiin giving oti' at one 
time three equivalents of water, and not at another, under ap- 
jmrently the same circumstances, suggests the idea that two 
inulines exist, having the same comj^osition, but one con- 
taining water capable of displacement, which the other does 
not. xhis substance has, indeed, been obtained by chemists 
in two diffi!rent physical states, gummy and pulverulent fal* 
tbough I have never obtained out the former dry) ; ana I 
would suggest the probability of these havingthe constituttona 
above-mentioned, tnat is, that one is Hgi O^i* and the other 
C^H,gOu + 3 HO j a feeble but unknown cause being snf^ 
ficient to convert one into the other. 

This is not a singular instance of a double constitution. 
In fact, the only satisfactory means of accounting for dimor- 
phism, is by supposing a diiTerence in the constitution of the 
same substance at one time to that which it possesses at 
another, the ultimate composition continuing the same. In 
diabetic sugai, also, we have reason to suspect a double con- 
stitution, the descriptions of this substance by various authors 
being, as is well known^ highly dbcordanL Some identify 
It with starch sugar; others on the contrary, describe it as 
a peculiar substance. This is an interesting and very eiten- 
sive inquiry, and would probably throw light on some of the 
cases of isomerism still unexplained. 

University Collc^^'c, London, 



XX. On certain ^ecU ^ Temperaiwt. B^f CT. Coat^ 

HUFB» Etq* 

7b lihe Editors the Philosophieal Magazine and JowmaL 

GEMTLEteSNt 

UAVING, from the nature of my occupations» an excellent 
laboratory for observing the eflfects A tempe r atn r i^ I beg 
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CDcAr yoo mnm ixpeiiments mnttmlw of fome of these 

effects. 

A modern glass-hooM Ib generally » oono built of brick, 
hnving its intefior dkmeter at the bue^ varying from 5B to 
60 feet, and tti perpendicular height varying from 90 to 1 00 
feet. The upper aperttire through which the smoke nsccnds, 
varies ironi 9 i'eetG inches to 10 leet in dianutcr. Tiiis cone 
tcrniiiiates at its base in siibstnntial pillars ot l)rick about 
3 feet square, Ibllowing the exterior inclination ot the surface 
of the cone, and united above by arches which spring from 
pillrir to pillar, and below by inverted arches beneath the 
ground. 

Aroood the centre of the interior floor of this cone the 
Ibmee !• eiielid % Mid aramd the exierlcr of the pilhiti 
which eapfwft the niln body of the coim^ the gleas-hooee k 
eitmded by shed vooib| whose niften beer agafaiet the escterior 
of the hiiek eonov above the mhet which ooooeet the pUhM 
Thie esiension constitutes the mennfrctoriof worinhop^ or 
space oco up i ed by the ghMHoeking operatives. The in- 
terior space around the furnace and within the pillars, is that 
occupied by the founders, or the men whose duty it is to fill 
the pots with raw materials for the production of j^lass, to 
iirc;o tliG fire, to cxamitic Ironi time to time the state of fusioi), 
and in short, to make trom sand, alkali and lime, by the aid 
ot intense heat, the material which tlie irlass-making opera- 
tives subsequently convert by nianipulati4)n into glass. 

For very many consecutive hours during the process of 
founding the raw materials, a thermometer placed at the 
greatest possible distance from the furnace, but within the 
area oeeo|^ by the lbiimier% end fredy suspended firom « 
rod protecting from the hilerior mHeee of one of the bridt 
fdlknuidieMcehithe preeent hietcttce b fo Ibet S lachei)f 
will iadioete a temperature veryhig from 916* to 825® of 
FehnoheH. The founders have cool recessesy Into which tiiey 
fff eq a enthr retin during their work, but the average of tern* 
pmtore here mentioned, viz. from S ! 6^ to Sf^*, end freqeently 
very much beyond 326% they bear without experienciiiff anj 
inconvenience whatsoever. Strangers universally wonder at 
the possibility of human beings existing in a situation in which 
their clothes are continually scorched, while their naked skin 
exliibits no marks of the elTects of lire. I had myself often 
wondered at the circumstance, until I made some experiments 
to endeavour to ascertain the cause ot such an anomaly. The 
results of some ol these experiments are curious from the ex- 
tent of the ranges of the tem^raturesi and I have much plea* 
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sure in proffering them to those of my philoeophical biethtcn 

who may feci an interest in such matters. 

Exp. 1. Two silvered brass scale thermometers, having 
each a range of 600° Fahrenheit, were suspended from an 
iron pin at n distance of two inches from the interior surface 
of one of the brick pillars of the gla»s-house, at a distance of 
20 feet 5 inches from die nearest point of the furnace emitting 
flame, aiui tim ing the early part of the founding process. 

They both indicated, from an average of tea siuiultaneous 
pairs of consecutive obsenwtions which ranged well together, 
a temperature of 104^*4 Fahrenheit. 

Exp. S. One of the thermometer bulbe was now dotlaed 
with a thin case of fine Uaek " merino.'' The average of ten 
simoltaneous pairs of consecutive observations indicated a di& 
ferenoe of temperature manifested by the clothed bulb, in ex- 
cess of that manifested by the unclothed bulb, of SS'^'l Fah« 
renheit npon each pair of observations. Hence 23°*1 ofFah- 
1 enheit were retained bv the covered bulb, which were evi- 
deiuly reflected, and lost to observation, by the bright metallic 
surface of the unclothed bulb. 

In another series of experiments wlierein the temperature 
indicated by the unclothed thermometers averaged only 
' Fahrenheit, from twelve pairs of observationft, the increment 
shown by covering one of the bulbs with a tliin bag of black 
merino^" amounted to S^ed Fahrenheit. Hence the qnao* 
tity of heat that is reflected from the bright surface of a ther- 
mometer diminishes as the heat itself increases. 

Exp. 3. During the latter part of the founding process 
and whilst the clothed thermometer suspended from the brick 
pillar ranged from 320** to 325" Fahrenheit, a small black 
iron cylindrical pan filled with water was placed upon a thin 
iron sheilj which had been fixed against the pillar and close 
by the side of the thermometer. It was reasonably antici- 
pated that water thus placed in a temperature ul 320^ to :V25^ 
would boil ; but after waiting until the half of it had evapo* 
rated, it showed no tendency to ebullition. 

Exp. 4« The too of the iron pan was now covered with a 
pane of window-glas^ and in a few minutes it boiled vio> 
fentl^. This experiment demonstrated that the cooling pro- 
perties of rapid evaporation can neutralise one of the direct 
^cts of heat to a very surprising extent ; and to ascertani 
die amount of this influence the fdlowing experiment was in* 
btituted. 

Exp. 5, A clothed thermometer, whilst the mercury wna 
indicating a tcmpeiature of 310"^ I^aUteuheit} was immersed 
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in • msel of bciilnig wmter. The mercury instantlj/ &U to 
S12% and ttien Mry gradtmlfy sunk to lil"*. The merino 
envelope had become dry, and the mercury had commenced 

risinjT when the bulb was immersed a second time into the 
water. Tlio mercury rose to 202°, and then gradually fell 
to 189". IJy a third immersion the mercury rose to li>8**, 
wliciice it itll gradaiim to 133^. The envelope was now sa- 
tmatcd with water ataboiit ll-U' iahreiilieit, but the niciciiry 
speedily reassumed the temperature of 133" Fahrenheit, and 
leiuaiued al lias iixed poiul tor iii.arij' live iuiuuLes, allhough 
the real temperature of its situation was^ and had been tor 
manv pmioos hours, 310* Fahienheil. 

llie cfeta of fipid aqoms evepontion weio this dearly 
shown to mfloMoe the inidicelions of the tbermooieter when 
pbeed in a diy atnofphere of 310* Fahieoheilt and under 
the drcumatances deacnbed» to the raiprising eitent of 177^ 
Fafafcnheit* 

We may now infer that the copums perspiratiom vthkh ex« 
udes from the skin of fi;Iass-makers, and of those who are en* 

gaged in similar scorcning occupations, is a sufficient protec- 
tion f'ronj tlie burninf^ effects of a dn/ atmosphere of from 
300 to 100 decrees of Fahrenheit; and tiiat whilst the clotiieii 
of such perst)iis are burning to tinder, their skin jiiny be ren- 
dered inseiJijible to the direct effects of fire upon the inani- 
mate matter around tiieui, by simple natural laws, viz. those 
of evaporation. 

Having been engaged in some delicate experiments on ihc 
subject of beat, I waa anrpiiaed at the cfiects of comparattvely 
moderate dry temperatares upon such thermometer scales as 
were made of iforf. 

In one instance the scale became shortened two degrees in 
100 in a tmnperature of 212"^ Fahrenheit 

In anotheri an old and well-seasoned " ivoiy scale that 
had often emlnred the maximum solar heat of Jamaica and 
the salt waters of the Atlantic, became shortened one degiee 
in 1 lO*' from a dry temperature of 130° Fahrenheit. 

In a third, the scale becnmc shortened 1 ^ in 120° from a 
short exposure to a dty heat of 260^ Fahrenheit. Immersion 
in water will generally restore such scales to their original 
leiigtii, 

1 have the honour to be, GentlemeUi 

yours obliged, 

WraxnII, nrnr T^istol» ChA&LES TuOftHTOM Ck>ATUUFE« 
AprU ^ im. 
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XXI. Remarks on some Tide Obscrvaiioiis, published in the 
TVansacfiotts of the British AssociaHotu By Ricua&d 
Thomas^ Oml Engineer^, 

IN the Trmitftetions of the British Attoelatkui Ibft the ymt 
I8d8« is an account of a level line measured from the 
Bristol Channel to the English Channel, from which the writer 
draws the conduiioni that Me mean tide must be taken as 
the level of ike uaj* and that this mean tide is the same, or 
nearijr the same elevation at all places, whatever may be the 
diflferences of rise and fall. 

About three years ago the British Associj\tion published 
the results of certain tide observations made at Liverpool, 
which induced me to write the foilowing letter on the subject, 
which was inserted in the ^ Mining Journal,' and " Falmouth 
Packet" Newspapers. 

** In the supplement tn the * Mining Journal,* No. 23, 
there appears ^o be published under the sanction of the British 
AssociaLion, * that there is one invariable mean height common 
to neap and spring tides., the half tide mark, a point from 
which engineers, geologists, niul navigalois will iieiiceturward 
commence their calculations and adjust theur standards of 
comparison.' 

*^ I have reason to believe that however accurate the conclu- 
sion is with regard to the tides at Liverpool, where the obseiw 
vattODs were made^ it is not correct as to its general applica- 
tion, and I mean to show that the tides generaSy have not the 
same elevation of half-tide mark, as applies to any particular 
locality, nor is the average half-tide mark, nor low-water 
mark, nor high-water mark at one part of the coast to be de- 
pended on as level with the corresponding tide marks on other 
parts. More than twenty years ago I had occasion to attend 
particularly to tlie tides at Falmouth, and the result of my 
observaUous :3howed dilleiences as much as two leeL and a 
half in elevation on half-dde marks. The rise and fall of 
ordinary spruig tides there is about 1? feel* and of ordinary 
neaps httle more than seven feet, hui the seuenU rmmds ^ iidn 
dfl^ ai to the mean elevation of the sea \ the low- and high* 
water marks for the same diflerence of rise and fall beiqg at 
greater elevations than others. 

At King- Road near Bristol, I observed the tides in the 
year 1815, and found that the difference of elevations of some 
half-tide marks anK>nnted to n!->ont four feet. 

" It may be possible, and 1 think it probable, from my ob- 
servations, that these differences of lialf-tide levels, or rather 

• Communicatod by the Author. 
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of the mean height of the sea, may he operated on in a regular 
way by whatever causes it to vary at diiiereat periods : but 
I am not aware that any observations have yet been made for 
the purpose ofdeterimning the recurrence of such variations, 
or for ti2icertiuning their causes; and inuil this be dono^ no 
mean tide-level could be determined ou. But, after all, such 
standard level must have reference to some fixed or bench mark 
in order to make it useful, and could only be applied to one 
neigbbourhoody as it could not be depended on with reference 
to Sdfli al any dialMit part of the 0CNUl» irtitdi my be exem- 
plified by a nfatoos tollielidee betweiii the Le»d*8-eiid end 
King^Roed; end although tfai» emmple may be taken at aU 
most an estieme cae% aevertheleie it will Mrve tbe better to 
elucidate tbe uncertainty of tide-OMuks. 

It mmt be evident that the particular f(»rmation and trend- 
ing of the coast as connected with the lei of tiie tide will tend 
to alter the elevation of the high-water as well as of the low- 
water marks. The Bristol Channel, from its form narrowing 
upwards to the Severn, causes the tidal wave to rise much 
higher than at any other part oi'the English coast, for it may be 
considered that the tides at the ilood have a tendency to rush 
from the Atlantic into the mouth of this channel with about the 
same velocity as through the inlets to the English Channel 
and the Irish Sea; but in the Bristol Channel there is not the 
same proportion of space as compared with the breadth of 
the entrance; hence in their course upwardf being confined 
by the approadmation of the shores, thcw are raised to a height 
increasing as the breaddi letsensb nnfil they attain fdBGienC 
clevadoD for the gravity of the water to coonterbalanoe ^e 
impulse of the tide^ 

The sea at ordinary spring tides risee and fiUs about iS 
leet at Kiog-Roedt }Fet the low water tiiere M)pean to be some 
feet above the low water of tlie ooeani as the great influx of 
the Severn at sndi udes occasions a great Quantity of water to 
be coming down even at the return of the flood, so that at the 
time of low water below| the Holmes Isles, the down tides run 
with such rapidity at King-Road as to indicate a ^^neat fall, 
and consequentlv there is a considerable rise in the tide be- 
fore it meets the level of the water there ; but it must be re- 
collected, that then there will be some fall in the water from 
tbe Holmes to King-Koad. 

*• At Ilfracombe, about the same lime 1 observed tlie 
tides at King- Road, the rises and falls were taken by my par- 
ticular directions, and showed the ordinary spring tides tnere 
to rise and fall about 90 feet^ md the ordmary nei^ abont 
Ufiset. 
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For reasons before stated, it appears that the level of the 
low water at King-Road is higher than the low water further 
down the channel. Now the half- tide mark of ordmm v 
spring tides at King- Road is about 22 feet above the low 
water there. At lifrncon^ be the half-tide is 15 feet above the 
low water, and al the Laud'i>-end it is eight feet and a lialf. 

Even supposing the low«water mark to be as low at King- 
Roftd as at ttie other places, theo the half-tide there is seven 
ieet above that mark at Ufraoombe^ and thirteen feet and a 
half above that at Land'a*end ; bat m all probabili^ instead 
of 7 and ISj^ the difoenoes are really aboat twve and 
twenty. 

The low-water marks of the corresponding tides appear 

to present n much better approximntion to a true level than 
the half-tide mark, and these are taken for determiniiig the 
elevations ascertained in the Trigonometrical Survey oi En- 
gland and Wales: but it would be desirable for many pur« 
poses that the movements of the tides should be better known, 
which might lead us to a knowledge of a true level, or so near 
an approximation as would answer all practical purposes." 
Dated November 14, 1887." 

Referring to the Transactions of 1838, as before mentioned, 
and granting that the series of levels have been ascertained 
with sufficient exactness for the purpose, we must draw the 
conclusion, eitlier that the low water at King-Uoad at spring 
tide is about 13 feet below the low water at Land's-endi or 
that there is something^ which afiects the tides at Axmonth so 
as to make tlie mean tide there stand at a h^her elevation 
than it does at the Land's-end, and so make it approximate 
to the level of the mean tide at King- Road. 

It appears to me very probable that the level of the sea is 
kept up at Axmouth aoove its average height, owing to the 
contour of the const of the English Channel; for it is evident 
that the coast of Normnndy, extending from Granville north- 
ward to| Cap la Hogiie, presents a bar to the direct flowing up 
channel of the flood tide, and luins the current towards that 
part of the English coast on which Axmouth is placed, and 
that the free course downward of the ebb-tide is interrupted 
hy the projection soudiward of the coast of Devon between 
£xmoulh and the Start ; both of which causes will tend to 
kegp the water the more elevated in the bay between the Start 
and the Bill of Portland. At the time of high water at Axmouth 
the tide is setting strongly up channel» and continues running; 
up tatf I believe, more than two hours longer, and the ebb 
runs down strongly at the time of low water at Axmouth. 
Now if the currents operate in the way above stated^ it is 
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detr thrt the effwl will bo mote apparent on spring tideg 
tlMHi on noaps, oving to the gnaler fok»^ of the wtterf md 

so it appears to be. 

On the south coast of Cornwall the rise of ordinary spring 

tides IS about 16 to 17 feet, and of ordinary nenps a little 
more than 7 feet. At Axmouth the rise of sprin<r tides a|> 
penis to be about 10 or 11 leet, and of neaps about 7 feet, 
heucti we see that aIthou«^li tiie rise ami fall of neaps at Ax- 
mouth nearly corresponds witii that of the i.uuth coast of 
Cornwall, yet there is a tlitference of six feet in the compari- 
son of spring tides; this appears strongly corroborative of 
the idea of the tide currents operating in the way I men- 
tion* 

^fjf e idwenoe to the teUe of contempowuiceng obiwif^ 
tiont of the tides (plate 2,) eeoompanying the papersefened to 
In tbeTransactioot of theBritidi Aawdation, it will be aeon 

that the high- and loir*water marks at Plymouth are so plaoai 
that the line of mean tide shall ebovt ooincide with that of 
the tides at Asmonth. There app^rs to be no authcMrity for 
this, as it does not oppw tlwl any levels have been exteniled 
to Plymouth. For tne reasons as above stated, I should con- 
clude that the high-water mark nt Axmouth would probably 
be higher than the high water j{t Plymouth; hut supposing 
it the same, then in tlie series of tides observed, would the 
mean level at Plymouth be at neap.^ nearly one foot, and at 
sprirjgs nearly two feet lower Uian at Axiuouth ; and be it 
remembered that the greatest rises at P]\ tiiouth, as stated in 
this table, are only 14 feet, which I shoiihl eonsider as nnich 
lesb than the average rise of spring lidea there, seeing that on 
the neighbouring coast of Cornwall it is nearly &ree feet 
more. I ihoold also think that the high water at Axmouth 
is more elevated than at Fahnouth ; but If it be only at the 
same level* then will the meanptide mark be three feet higher 
at Axmooth than at Falmonth. 

In the tide-table above referred to^ it appears that the 
mean-tide line at King-Road is about one foot above that at 
Axmouth. In this comparison the greatest tides observed 
at King 'Road rise about 36 feet, in which series the greatest 
difference of mean-tide level does not amount to one foot. 
Other tides appear by the table to have been observed there, 
some of which had a rise of 41 feet, and the ranfTc of mean 
tide differed as much as two feet and a half In the year 1815, 
as before stated, I observed a series of tides at Kine^-Road, 
which ranged Ironi a rise of 19 feet to a rise of IG feet, dif- 
fering; in their respective elevaiioos of mean tide as much as 
3^ iect i the greatest tide rising from U on the scale to 46 
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feet, and the smallest from 10 to 29 feet; the differences m 
the lefels of low water beiog 10 feet» and of high water 17 

feet. 

Had the diiierences between the levels ollow water of spring 
tides and of neap tides at King- Road and at the Land's-end 
beeTi about the same, we might be led to conclude that all 
the dillereiice of rise and fail would have been due to the in- 
creased elevation of high water, owing to the narrowing of 
the Bristol Channel in proceeding upwards, as before stated ; 
but as the difoences of le? els of low water at King*Road 
amount to about ten feet and those at £4uid'8^d onW to abont 
five feet, it may be possible that the momentum of the ebb- 
tide mav draw the water down at King-Road at low water to 
below the level of low water at Land's-end. If it be so then 
there can be no sure means of comparisons of sea levels at 
either mean tide, \n*^h water, or low water; but I should con- 
sider that the low water of neap tides is most likely to be the 
nearest approximation to a true level, and thai the mean level 
of the sea on the soutli-wcst coast of Great Britain is about 
three feet and a half above the average level of the low water 
of neap tides. 

In order to ascertain the partienlar operations of the tide^ 
and their effiMts in certain localities^ it would be desirable to 
have the tide levels simultaneously taken at oonTenient 
on both the north and south coast, extending from 
Road and from Axmouth to the Land's-end, markL _ 
time and level of high and low water, and the elevation of the 
sea at every quarter or half hour throughout the day. These 
observntions being connected at each place with some parti- 
cular bench-niark, \s ()uld furnish data for comparison when- 
ever lines of levels might be extended to them. Such lines 
of levels might be surveyed across Cornwall in sundry places, 
and might ultimately be connected with the line already sur- 
veyed from Portishead to Axmouth. 

Although I do not mean to impugn the correctness of the 
results of the leveling across the country, yet I think another 
line of levels should have been taken by way of rerification 
before any conclusion should have been adopted as to com- 
parison of tides. Such verification would prove the correct- 
ness of the relative levels of the several bench-marks, which 
might be applied to further observations on the tides, and the 
levels extended to other places. It appears that (he operator 
took every care to observe correctly the levels, ami to prove 
theui bv leveling back over the line, in which the difference 
cf results are so trifling as not to excite notice, if it had not 
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ooosUiiUt eomiiij; oat lew on manuog to thm thin on 
Icaviotf tneniy which the operator mipeeta migbt have heo* 
penedTrom the alteralloas of raficactioii* Bot mrclj he ooaki 

easily have detected errors arising from smsh aource by look- 
ing again at the beok ataff after hehadofa«er?ed theebvatioii 

on the Ibfo staff. 

To aay nothing of the abaiirdity of suppostng that the re- 
fraction was always decreasing during the survey, which it 
must have been to have brought about such results, the di- 
stances from the instnimctit to the stafi' (44 fathoms) were 
so small) that even supposing every day during the hours of 
work the refraction ^iionlcl ui first have amounted to an angle 
equal lu hiiii ihe contained arc ui ihe earth's surface, and 
should have decreased to nothing by the time the day'b work 
y,&6 eudeci, and allowing a quarter oi an hour lo elapse be- 
tween taking the back and fore observations, the error arising 
from refrectKNi would not have amonnteil to half an mch on 
tho whole diilanoa ftom Portiahead to Axmouth ; nor would 
the dail/ ahrinka^e in the length of the alaft aeoonnt fiir it$ 
aa Buch dMemnee oonld ooly afieet the kteb m a verj much 
Um degree than the dtfibience hy the survey. It ia potaible 
that there mi^ht be some vety anndl defect in the movementa 
or the mountmg of the instrument, so as in turning it. round 
firom the back to the fore observation it might gain in 
tion ; but the error appears to be ao very ainill that it eanaot 
materially affect the results. 

FHhnouOi, April 30« 1840. 



XXII. Observations on the Blood Cerpitscles^ or Red Particles^ 
qf ihe Mammtferous Animals. By Ci forge Gulliver, 
F.ILS,<i F,Z,S,i AsststatU Surgeon to ihe iiotfal Megiment ^ 
Horse Guards. No. IV. 

[Contintted ftom pig^ SOO of the PbiL Mag. lor March 1840.] 

137. A NEW apedea of Gibbon, (H^rfdAetai -~ a fe- 
^ male. The moat oemmim duunetem of the oov« 
mudea l^MOOth, l-d55Sth, l«M9th»and l->«iOOChof an meh. 
Ei^mne ainM MSSSid, and l«ii900th. Blood from a pnok 
of the finger. 

laa. white4ioaad M<mkey, (Ctra^^ilh^tm pttmarkta;^ a 

~ male, apparently an adult. The most frequent diui^ters of 
thediaka I^SMith, l-3428th, and l-3200th of an inch. Ex- 
treme siiaa l«M70th and l-dUOOth* Blood firom a [irlck of 
the tail. 

|3g, M^w41rinf^ Kilky rj^mAriiij ^Midnx R/uaUa^j ah Adult 
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female. Co mm on -si zed disks 1 ,^ 693rd, 1 -3429th, and 1 -3332nd 
of an inch. Extreme dian^eterE l-53^rd and l*2666tli« 
Biood from a prick of the tail. 

14-0. King-tailed Lemur, {l^mnn- cattay) an adult male. 
All the following sizes common, i- ioooih, 1-384-Oth, 1-364-4-th, 
l-3600th, l-35j7th, l-3i29th ot an inch. Extreme tiiameters 
1 -6000tb and l<-SOoi(Hh. There were several corpuscles about 
1.8000th of an inch in diameter, but it is doobtM wh^her 
diese were true blood disks. 

The size of tlie corpuscles was altogether remarkably irre- 
gular. The blood ivas <d)Cained from a prick of the ear: the 
animal was apparently not very healthy. 

In some blood obtained from another full-grown male^ a 
few hours after death, the corpuscles were also very irregular 
in size, but the most abundant disks werecliiefly of' small and 
large dinunsiuns, the former being generally 1 -5000th of an 
incn in diameter, and the latter 1 -3500th. There were also 
a lew about 1 -7000th of an inch, and also some as large as 
l-SOOOth. The majority, however, were the small and large 
kinds first noted, with out very few intermediate gradatbns. 
The smaller corpuscles presented a remarkably dark and 
distinct oudine. Blood mm the hearty from the coronary 
Teins» as well as from the renal and mesenteric veins. 

141. Black-fronted Lemur, {Lemur niffifivHSf) a full- 
grown male. The following diameters all common : l-4000tht 
1-4 500th, 1 -4662nd, and i-4705th of an inch. Extreme siaes 
l-600()th and l-35O0th. 

Blood from tlie tail in the first trial ; and in the secondf 
made a month afterwards, from a vein of the ear. 

142. Anjouaii Lemur, (Lemur AnjuaneJisisy) a male, nearly 
full-grown. Common sizes l-4'365lh, l-42G8tli, l-4000th, and 
1 -3555th of an inch. Extreme diameters l-5333rd and 
l-3900th. 

Blood from a wound of the tail ; also from a prick of the 
hand. 

In the Lemurs the corpuscles were remarkable as being 
very variable in size. Whether this will be confirmed by 
future observation, remains to be seen. It is deserving oS 
notice that most of the animals were more or less diseased, 
and died very rapidly, chiefly of tubercular consumption, in 
connection with which the blood particles were perhaps motu 
or less modified. 

In the black-fronted Lemur (141.) the disks appeared, 
from the l esidt of two trials made at difierent times, tu be 
smaller than in the other Lemurs. 

In another examination of some blood obtained from the 
heart of an adult white^fronted Lemur (60.)» the corpuscles 
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were ag^n observed tobe my variable io imgnitode, l-4800tb, 
]-4000th» l^eootby and I-SOOOthof an inch, being all eqnaUy 

common diameters of the disks* 

143. Slender Loris, {Loris gracilis^) a male, apparently 
full-grown. The common-sized corpuscles l-3555th, and 
l-3200th of an inch in diiinieter. Kxtrenie sizes l-4600Ul 
and l-2900th. Blood 1 Vorii a prick ot the fin<^er. 

144. Common Ferret, {Mtistela Juro,) an adult female. 
Common diameters 1 -4800th, 1 -4500th, l-40(X)th, and 
l-3693rd of an inch. Extreme sizes 1-GOOOlh and l-30QOth. 

Blood from a prick of the nose. The siase of the disks was 
extremely variable. 

145. Cape Hunting Dog, (Lycaan Imolor,) a young male, 
probably about half-grown. The majority of the corpuscles 
l-4000th and 1 -3 G 93rd of an inch in diameter. Extreme sixes 
1-45 70th and l-32O0th. Blood from a prick of the nose. 

14f>. Spotted Hyaena, {Hyfpna crocuta^) an old male. The 
most fi*equent diameters l-4360th, l-4000t!), l -3600di, and 
l-355r>th of an inch. Extreme sizes l-5333rd and l-29()0th. 

Blood ii oin a j^i ick of the upper lip. 

147. Virginian Opossum, {Didelphis Virginianay) a male, 
about two-thiids grown. Cumiuoii diameters l-3600Lh and 
l-3530th of an indi. Extreme sizes l-4570tli and l-2Q00th. 

There were quantities here and there of the red sranalar 
particles, generally about 1 -5000th of an inch in diameter, 
being as usual smaller than the regular disks. 

The blood was obtained from a prick of the tall. The animal 
was diseased, the hind Jegs being paralysed. 

148. Vulpine Opossum or Phalanger,(PA£}M«5^is/rt vulpinoy) 
an adult mafe. Majority of the disks l-4000di and l-/ir)93rd 
of an incli in diameter. Extreme sizes l-5333rd and i-3000th. 

Blood 1 1 om a prick of the ear. 

149. Black Rat, (Mus Rattus,) an adult male. The most 
frequent diameters l-4000th, l-3692nd, and l-314Sili of an 
inch. Extreme sizes l-5000ih and l-3000lli. Biood from an 
incision of the tail. 

150. Splendid Flying Squirrel, (Pleromi/s mUdus^) a fuH- 
grown female* The common sized disks l-4000thy l-'3600th» 
and l*S555th of an inch* Extreme diameters l-4570th and 
l>3200th. The size of the disks was remarkably regular. 
Blood from a prick of the tail. 

151. Spotted Cavy or Paca, {Calogetii/s subnign',) a male, 
apparently an adult. The most frequent diameters l'3n93rd, 
l-360{)Lh, 1 -3429th, and l-3330th of an inch. Extreme sizes 
l-40U0di and 1 -3000th. Blood from a cut of the tail, 

152* Roebuck^ {Cenm capieoluSi) on adult male. All the 
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following diameters common : l-6000th, l-5800th, l-5332d, 
l-5000th, 1 -4924th, and l-4800tb. £xtreme sizes l«6400th 
and 1 -4000th of an inch. 

Blood from a vein of the ear, also from a prick of the vdfet 
of the vouug gi owing antler* The corpuacMs obtained Iroiii 
Iheie clifferent parts were identical in uze and appearance. 

A recent examination of Ike blood corpuscles of lome va<- 
rieties of the common sbeep (48.) gave the following results. 

a. A four-homed Sheep from North Africa. 

b. A two-horned hairy variety from Africa, presented to 
the Zoological Society by the Diikc of Sutheriaod. 

C. A hairy variety from Demerara, 

All the above were fuU-prown males, and the blood was 
obtained from small incisions oi tlie lips. The corpuscles in 
the different varieties appeared to be of the «;ame size ; Uie 
irio'^t frequent diameters being 1-GOUUth, 1-jGlJth, l-5331st, 
and l-5028lh. Extreme sizes 1-7 1 10th and l-4570tfa of an 
inch. 



XXlil. Froceedittgi qf Learned Societieu 

ROYAL SOCIETT. 

Feb. 27,'T^HE reading of a paper entitled. ** On the Chemical Ac- 
1840. tioaof the Rays of the Solar Spectrum on Preparatioaa 
of Silver and other Bubstanoes* both metallic and non-metaUic; 
and on some Photographic processes bj Sir John F. W. Her- 
schcl. Bart., V.P.R.S., &c., was resumed but not concluded. 

March 5.— Tbo rcncHng of a paper cntitlrr^, " On tlic Chemical 
Action of the Kays of the Solar S])cctnim on I'rcjjaratinn^ of Silver 
and other bub«tances, both metallic and non-mctailic ; and on ?iorae 
Photographic processes;" by Sir John F. W. Herschel, Bart., 
V.P.R.S.» &c., was resumed and eoadnded. An abatnul of tliis 
paper has already ap pa ar ed la vol. m. p. 831 ol tins MagasfaM« 

A paper was idso read entitled, " Remarks on the Theory of tiit 
Dispersion of Light, aa connected with Polarizntlon ; " by the Rev. 
Baden Powell, M.A., F.R.8., and Savilian Professor of Geometiy* 
Oxford. 

8ineo the puUicalioa of a Iprmer paper on tte sabjeet feferred to. 
^e autlior baa been led to review the subject in oonnoztan whh tiie 
TalaaUe iUnstrations ghren by Mr. Lubbock of the views of Fresnel ; 

and points out. in the present •'upplcTTJcnt, in ^'hat mnnner t^e oon« 
elusion? in that paper will he atltcted bj'' these consideration?. 

A ]):iper was od&o read, entitled, " Further Particulnrs of the Fall 
of the Cold Bokkeveld Meteorite;" by Thomas Maclear. £«q., F.R.8., 
in a letter to Shr John P. W. Heiaehel, But., K V^JUS., &e. 
Communioated by Sir John Herschel. 

Thia coDunonicatum, which it anpplemfliiliiy to tha ooa akaady 



Digitized by Google 



9fikM Cold Ratkmmld MsUoni^m 



149 



•Adavits, of tiw circumstances attending the fall of a meteoric mass 
fai a Ttlley near the Cape of Good Hope. The att^tioii of the wit- 
nps«es hnd been excited by a loud explosion which took place in 
the air, previous to the descent of the aeroHte, and which was at- 
tended by a blue stream of sinuke, extending from north to west. 
Some of the fragments which had been seen to fall, and which had 
pOMbttBd Into the Mth, irm pidnd up by wH ncw ea . One 
of them falling on grass caused it to smoke ; loid mt too hot to ed- 
mit of being touched. The mass which was aent to Sngbnd by 
H.M.J^ Srnut, weighed, when first picked up, four pound-*. Tlte 
paper is accompaiued by a map of the diatrict, ahowing the course 
of the aerolite. 

A paper waa also read, entitled, " An account of the Shooting 
fllMdf 1095 od IMS by SirFrmeiaPalgrave. K.H., F.R.S.. Ao. 

ThM tatiiar gifea ciHitkina froin aeveral ehranielea el the middle 
■gea« descriptive at the remarkable appeamnre of ahooting stars which 
occurred on the 4fli of April, in9''>, on thr testimony of independent 
witne««c? Iioth in 1 Vance and Eugiand. One of them describes them 
as** falling like a shuwerof rain from heaven upon the earth and in 
another case, a bystander, having noted the spot where the aerulitu 
Ml, '^eaal ivater upon it, which waa niaed in atean, with n graait 
noiae of boOing." The Chronielo of Rhebna deaerib ea tiie appear- 
anoe as if all ue ttara in henven were drim* like dust, before the 
wind. A distinct account of flie ahooting ttmra d July 36th» 1293» 
ia given by Matthew Pari?. 

March \2. — A paper was read, entitled, *' On f t rtain variations 
of the mean height of the Barometer, mean temperature and depth 
qf Bein, oonneetad widl the Lnner Phases, in the cyde of yearn 
frooa 1S15 to IMS.** By Lnke Howatd, Eaq«, P.IL& 

The table given in thia paper contains the results of calculations 
relating to the objects specified in the title ; cast into periods of six, 
sovfTT. or eight dnv«j. ho as to bring the day of thr !nnar phase be- 
longing to it in the middle of tho ti»ne. i'he obsei v;iTi( ins were all 
made in the neigh bourliood of Londuii. ii appears from them that in 
the period of the last quarter of the moon the barometer is highest, 
tile tompewtoii n Uttie nbofo the menu, and the depth of rain the 
anaallMtr In Um period of the new noon, both tin barontflar and 
temperature are considerably depress, and the rain increased in 
quantity. The influence of the first quarter showj< itself bv the 
further depression of the barometer; hut tlie temperature rises 
almost to the point truni wiach it had fallen, and the rain still in- 
o-eaaes, but not in an equal ratio. Lastly, the full moon again re* 
dnnaa the tanBantams n4iile tdie banwB il e r attnlf ita mnniinnni 
■Men height, and the quantity of rain ia the greatest. Thna it np» 
pears, that during thu lunar cycle, the apjpfooeh of the leat qvarter 
is the signal ti» oiauing np of the larp and the letam of enn- 

[• See L. and E. Phil. Mag., vol. iIy. p. 368, Ibr an abatraet of Mr, 
Machwr'a kma paper.] 
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A paper was also read, tntitU d, On the tiioor^' of the dark 
bands formed in the solar spectrum trom partial interception by 
transparent plates." By the Rev. Baden PoweU» M.A., F.U.S., Sa- 
vilian Frofeisor of GeooMtfy in the Univeisity of Oxford* 

ThU paper contains the mathematical investigation of the pheiio* 
mena of peculiar dark bands crossing the prismatic spectrum, when 
half the })upil of the eye, looking througii the prism, is covered by 
a thin plate of any transparent substance, the edge being turned 
from the violet towards the red end of the spectrum; and which 
were first noticed by Mr. Fox Talbot^ and were aeeribed by Sir 
vid Brewster to a newproperty of light, oonaisUng of a peculiar kind 
of polarity. 

The imtlior shows, t]tnt on the undulator}' theory, in all case*, a 
diftereiiee of retiirdatiim between the two hah rs of each primary 
pencil throughout the spectrum may give bauds within certain 
limita ; and that It affords a complete explanation of the phenomena 
in question. 

March 19. — A paper was read, entitled, '* Contributions toTer- 
mtrial Magnetism." By Major Ethvnrd Sabine» R.A., V.P.R.S. 

An increased activity has recently been given to researches in 
terrestrial magnetism, with the definite object of obtaining correct 
maps of the magnetic phenomena, corresponding to the present 
epoch, over the whole tur&ce of the globe. To aid these leaeaichest 
and to facilitate the comparison of the genend theory of M. Gauaa 
with the facts of observation, maps have been constructed of the 
magnetical lines, both as computed by the theory, and as derived 
from observations already obtained. 'Ilie theoretical nnd actun! lines 
of the dechnutiuu aud mtcnsity have thus bccu i epre^ciited iu maps 
yecently published in Germany and Bngland, as have also Hki lines 
of the inclination computed by theoty; but the conesponding map 
or the latter element derived from observations is yet wanting. The 
object of the present communication is to supply this desideratum, 
as far ns regards the portion of the globe contained between the 
parullels of 55^ N. and 55^ S., and the meridians of 20° £. and 80^ 
W. ; comprising the Atiantic ocean, and die aiQaemit coasts of the 
continents on either side. 

The observations chiefly employed for this purpose are two series 
made at sea ; one by Mr. Dunlop of the Pammatta observatory, in a 
voyage from Kngland to New South Wales, in 1831 ; the other by 
Lieut. Sulivan of the Royal Navy, in a voyage from Eni^land to the 
Falkland Islands, and back, in 1838 and 183^. i'hc obficrvaUuuuf 
the magnetic dip at sea* which was commonly practised by the 
distinguished navigatttts of the last eentury, was imfortunately not 
xetumed when the interest in such researches was revived on the re* 
storatifm of peace : but it is by such observations only tbnt the lines 
of inclination can be independently traced over those large portions 
of the globe which are covered by the ocean. The difficultiea which 
attend the observation, oeeasioned by the motion and the iron of a 
ship» require the adoption of several precautions, which it is particu- 
larly desirable at this time to make generally known. The series of 
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Messrs. Dunlnp and Sulivan are dtscuwed in this view; ind the 
value of results obtained under cinmmstances of dae precaution Is 

pointed out by their success. 

The position of the lines on the land portion of tliemap is derived 
from 120 determinations in various parts of Europe, Africa, and 
America, between the years 18S4 and 1839, of which abont tiie 
half arc now first communicated. 

The series of Messrs. Dunlop and Sulivan contain also observa- 
tions of the magnetic intensity made at sea ; Mr. Dunlop's by the 
method of horizontal vibrations, and Lieut. Sulivan's by the instni- 
ment and method devised by Mr. Fox. The degree of precision 
which may be obtained by eiqperinients thos condoeted, is shown by 
the comparison of these obsOTvations with each other, and with the 
isodynamic lines previonsly deriyed from observations made on 
land. 

Tlie first section of this jjaper concludes with discussions on the 
relative positions of tlie lints of least intensity and of no dip, and 
of the secular change which the latter line has undergone in the ten 
years preceding 1887. 

la the second section, theobserrations of Mr. Dnnlop are combined 
with recent observations on the coasts of Australia, by ( :)| tains 
Fitz Hoy, Bethnne, and WIckhani. of the Royal Navy, to furnish a 
first ai)proximation to the position ntid direction of the isodynamic 
lines over that portion of the Indian ocean wiiich is comprised be- 
tween the meridian of the Cape of Good Hope and New South 
Wales. 

A paper was also in part read, entitled, " Experimental Re- 
searches in Electricity, seventeenth series. By Michael Faraday, 
Esq. D.C.L., F.R..S., &c. On the source of power in the Voltaic 
Pile." 

March 2G. — I'he reading of a paper, cntuiud, " liesearches in 
Electricity, Seventeenth Series : on the source of power in the Vol- 
taic Pile." By Michael Faraday, Esq., 0.C.L., F.R.S., &c., was 
resumed and concluded. 

In a p o^t'^rript, the author state'- that he has since found a pas- 
sage in 1 )i . Uoii^ct's treatise on Galvanism, in the library of Useful 
Knowledge, published in January 1829, in wiuch tiie same argu- 
ment respecting the unphilosophical nature of the contact-theory is 
strongly urged. 

** Were any further reasoning necessary to overthrow it, (namdy, 
the voltaic theory of contact) a forcible argument might be drawn 
from the following consideration. If there could exist a power, 
havinp tlie proi>erty ascribed to it by the hyi)othe8is, namely, that 
of giving continual impulse to a tluid in one constant dirccUon, 
without being exhausted by its own ai^on, it would differ essentially 
from all the other known powers in nature. AU the powers and 
sources of motion with the operation of which we are acquainted, 
when producini:^ their ])ccnliar effects, are expended in the same 
j)ro]>nrtion as those eftects are produced; and hence arises the im- 
pos-ibility of obtaining by their agency a perpetual etfect, or, in 

Phil, Mag, 3. Vol. 17- No, 108. ^ug. 1840. h 
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odier words, a perpetual motion. But the deetnMMChre font 
Mcrtbed by Yolta to tlie metals whca in contact, is a force which, as 
long as n free course i« allowed to the electricity it sets in motion, 
is never expended, and continues to be exerted with undimiaishtd 
l)o\ver, in the production of a never-ceasint^ effect. Against the 
truth of BMcli a supposition the probabilities arc ail but infinite."—* 
4 lis, p. 33. 

April 2. — Tha foUowing papers were read, viz. : 

" Additional note to the Eleventh Bmm of Researches M the 
Tides." By the Rev. William Whewell, R.P. . F.H.S., &c. 

As an appendix to his former memou: on tide observations*, the 
author gi^ es in the present j)aper the results of observation- ni n: - 
at Petropauiuiiik, in tiie bay of Avatcha, in Kamtchatka, lat. i 
N., long. 158^ 44' B., by thA offiflen and mi cf tfaa Bt/imm, mm- 
maaded by the preaent RusMan Adnufal lAi&e$ and wliidi mn 
oondaoted with great care and perseverance. The height of the 
surface was noted every ten minutes, bo& day and nig^ and wkttk 
near its maximum every two minutes. 

It appears from t1ie5=e observations that the high water is affected 
in its time by a vury large diurnal inequality, reaclmig the enormou:^ 
amount of above iour hoan; wliOe iti lie^t ia only sightly af» 
feeted by an inequality of tbat Und ; tfaegreataat aJtenate ineqnat- 
Itiea of heiglit •woe aonething more than a foot. In dm low wtnw» 
thore appears a much smaller inequality in the times, seldom amount- 
in to more than one hour; but with roefnnl to heifrht, the diurnal 
inequality much larger than that fen water, n;i( liingto three, 
or even four ieet ; and this in a tide ol which the wliule rise, from 
the bwest to the highest, rarely exceeds hve feet, llie theory of 
thaae ph fwt i'PMW Mv ia then diaowaed* 

The ranltB of another series of obaervadona made In July 18I7» 
at tlie port of Novo- Arkhangelsk, in the island of Sttkhoe, m Nar» 
folk sound (lat. r^l"" 2' N., long. 18' W.), •» b1m> gim. Md 
their tlieory considered. 

A ]vT])er was also in part read, entitled*. ** On the Nervosa 
System. By Sir Charles Bell, F.K.S. 

Apifl 9.— The reading of a paper, entided. " On the Kemna 
Syaten." By Snr Charlea Bdl, P.B>B., was rawmed and eenahid rf > 

Hie author adverting to the papers on the narfooa lyalan^wliieh 
he presented to the Royal Society neariy twenty years ogof , reen* 
pitiilatcs the train of reasonine^ which originally led him tn the in- 
quiries in which he has been so long engag^ed, on the different 
functions of diiferent classes of nerves, and adduces various patho- 
logical facts in corroboration of the correctness of the views he Uicu 
entertained. With legud to liie afdnal acrm> Mea an painted 

♦ [Abstracts of Mr. Whewell*s former Researches on the Tides will be 
found in the Lond. and Edinb. Phil. Mag., vol. xv. p. 316.] 

t [See Phil. Mag., fir t h nes, vol. Ixiv. pp. 41. 119. 353. 442; and Lond. 
nrid Ivlinh. Phi!. Mn:: , and Amin!:--, '^d seriaSi VOl. vi* p- 135f also I^OIMI. 
md i:ldinb. Piui. Mag., voi« vii. p. idb,] 
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wheie, b conseqiienee of disease of the bodies of the Yertebns.the an- 
terior columns of the spinal chord» and anterior roots of the norvea 

were affected, find paralysis of the muscles to whirh those ncn'cs arc 
distributed was produced, while the posterior column of the cord was 
uninjured, and the sensibility unimpaired. The author next consi- 
ders the respiratory system of nerves, which he regards as being 
both muscular and sensitive, and describes as arising from a tract of 
the spinal cord, on the outside of the coTpu$ o/tvore, and anterior to 
the processus ad cerebellum ; and which constitute columns having 
no decussations with one another, m is the case with the other 
systems. The conclusion he originally formed, that both the y>hre- 
itic and tiic spinal accessory nerves are j>rovided for motion, w hich 
he had deduced from the anatomical Ibct of the former taking a di* 
rect course to the diaphragm, and the latter amreuitous one for the 
purpose of associating the muscles of the respiratory organs with 
those whicli act on the chest, is, he thinks, amply confirmed by 
sut^eqiicnt experiments. He concludes his jmper with some re- 
marks on the supply of blood to the respiratory system of nerves, 
iriiieh supply, being derived from branches id the vertebral artoies, 
affords an exphmation of several pathological phenomena. 

A paper was also read, entitled, " On the constitution of the Re- 
sin?. Part IV."* By James F. W. Johnston, E^q., M.A., F.U.S. 

This paper contain? the account of the continuation of the author's 
previous researches inf j the constitution of the resins, hoth as they 
occur in nature, and a» they appear when extracted from the natu- 
ral products by the agency of akohol or »ther« The great difficulty 
in this inquiry Is to determine when tiie resin to be analysed is o])- 
tained in its normal state ; and the author has endeavoured in each 
case to ascertain this point by repeated analyses of the rc«ins pre- 
pared under ditterent conditions. He thus arrives at the c<ni( lusiou, 
that the resin of scammony extracted from crude scammony by alco- 
hol, and heated to 260^ Fahr., is represented by C40 H^^ 0.,,„ con- 
taining the largest amount of oxygen of any resin hitherto ana- 
lysed. The resin of jalap, obtained by evaporating the alcoholic 
extract, and afterwards hoiling- it in water, is represented by 
C,<, H3, Oi,, and in the amount of oxypren it contains is only 
surpassed by the resin of scammony. It is interesting to remark 
that these two resins in their effects on the animal ceconomy arc as 
nearly related as these farmulm show them to be in chemical consti* 

tution. 

llie resin of lid)danum, extracted by alcohol from the crude 
luhdRnitm nnd evnporatcd, g^ve the formula C IT , 0, ; but this 
extract, soft: lu d in the air and water, took up In ni if a bitter sidj- 
stance of a brown colour. Attcr boiiing in water, the pure resin 
is represented by C^q H^^ 0,. 

The fierengela resin, previously analysed by the author before he 
was aware of the conditions necessary to be attended to in order to 

« [See Lend. andBdinb. Phil. Mag., vol. xv. p. 3S7»ibr the former 
papeiiO 
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obtain a resin in its normal state, is expfessed hj the formula 
C^o H ,0 O7 ; and the resin of Retin asphalt, abo previously analysed 

by the author, by H 0„. 

The Yusin. uf aiamonia, extracted by alcuiiui from the crude gum 
resin, is represented by Oj, ; the resin of opoponax by 

; and that of assafoetida by C40 H^^ 0,o. 

A striking relation appears between the formula; for the resins of 
ammonia and assafcetida, the former being C^q H^^ O,,, the latter 
C^o ^ 0^ latter were merely a hydrate of the former. 

The authi r considers this relation, and concludes that it is only ap- 
parent, and tiiat probably in neither of the resins does any ui llxt: 
hydrogen exist in combinatiim with oxygen in the state of water. 

This leads the author to inquire into the general action of a 
slightly elevated temperature on the resins, and he concludes that in 
all ca^es when a resin an its normal state is heated a few degrees 
above its melting point, it begins to suffer partial decomposition, 
accompanied by the solution of water, and alwajfs by more or less 
of a volatile, generally oily compound, sometimes contuning less 
and sometimes more oxyg^ than the resin which has been sub- 
jected to lieat. In the case of some resins, especially sodi as 
are agreeably fragrant, and are expressed by the second of the 
author's general formul»e C^o H,, -V^ xO , benzoic ncid is one 
of tlie products of decomposition at a moderate temperature. 
Thus the resin of dragon's blood gives only a trace of beuzotc 
add, with water and a red volatile compound; while the resin 
of benzoin gives much benzoic acid. Some resins give off vola- 
tile matters and diminish in weight long before they reach the 
fusing point; as is the cnse with the resin of benzoin, of which 
the melting point is liigh. W'itli regard to the . t i tl action of 
such temperatures in altering the atomic constitution oi the resins, 
the author finds that each resin undergoes a diange, probably pecu- 
liar to itself, and probably depending on the nature of the organie 
radical it contains. Ulms, the formula for the resin of retin aqihalt 
(= C,o n.; O^,) by prolonged heating at the ineltin<]^ point becomes 
C^f, H ,: O ,. Ammonia resin (= C'^,, H , , O ) by heating at 270° 
Fnlir, approachat to C„, H,;4 O,, ; there boini:, however, a sliizht ex- 
cess of oxygen, and water not being the only volatile compound 
driven off. 

The resin of opoponax, when thus heated the hydrog^i, as in 
that of retin asphalt, remains nearly constant = C40 H.^^ O^, ap- 
proachinj^ to C^,, H ,, 0,.,. The same is the cnse with the resin of 
assafa'tida (= C',„ H^g Oio)» which by prolonircd heatincr -it nb<^nt 
250° Fahr., becomes C^^ Oj,. These observations when multi- 
plied are likely to assist materially in leading to ratitmai fonnul», 
expressive of the molecular constitution of the resins. 

In reference to the general questions, with a view to the solution 
of which tlic author undertook this investigation, he concludes : 

1 . Tiiat the resins arc not to be considered as different com- 
l)Ounds of one and the same radical, but rather as analogous gtoUJM 
of compouucis ui uuidogous radicals. 
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2. That us far as our present kiiuvvicd^c cxteuUs>, uU the true re- 
sias are capable of being represented by irrational formohp, in whieH 
C40 is a constant quantity. 

3. That the analyses contained in the j)rcscnt paper render ne- 
co«'^ary a slight moflifirntion in the general formulae prcviou-lv 
nouncetl. 'fhe foniiula for the group of which colophony is the 
type, being Hh j: Oy ; and that for the group of which gam- 
boge or dragon's blood is the type, bein^ C^© H^^ + x Oy. 

The author announces a further continuattcm ofthese researches, 
in which the constitution of other resins will be given, and the re- 
lations of the resins to certain chemical reagents will be explained 
and illustrated. 

The Society then adjourned over the Easter Recess, to meet again 

ou the ;jUlh uf April. 



GEOLOGICAL SOCISTY. 

[Continued from p. 7^ of the present volume.] 

Dec. 18, 1839. — A paper was first read, entitled "Description 
of the fossil remains of a mammal, a bird, and a serpent, from the 
London clay," by Uichard Owin, ivsq., F.R.S., F.G.S. 

Hie author commences by ob&en iug, tlxat only a few months had 
elapeed since the highest organic animal remains known to exist in 
the London clay were those of reptiles and fishes ; and that the 
danger of founding conclusions in Paleeontology horn negative 
evidence was perhaps never more strikingly illu>^trutfd than by the 
fact, that the first scientifically determined relic of a warm-blooded 
animal from that formation proved to belong to tiic highest order of 
that clasfi, if man be excepted ; and that besides those quadruma- 
nous remains, there have since been discoTered in the Ix>ndon clay 
underlying the coralline crag, near Kyson, in Suffolk, teeth of cheiro- 
ptera, and of a species probably belonging to the mar$u])ial order*. 

Mr. Owen tltcn proceeds to describe the fossils, the immediate 
objects of the coiainnnication. 

1. The jMjrlion of the mammal was discovered by Mr. Richard^rou 
in the dilTs of Studd Hill, near Heme Bay, and belongs to a new 
and extinct genus of Pachydermata. It consists of a small mutilated 
cranium about the size of that of a hare, containing the molar teeth 
of the u; per jaw nearly perfect, and the suckets of the canines. The 
n^olar^^ are seven in nnmher on each side, and re:?eniblc i?iore nearly 
those of the Cha"roi>otamuij tluin of any other known genus of 
existing or extinct mammalia. They present three distinct modifi- 
cations of the grinding surfiice, and increase in complexity from 
before backwards. The first and second spurious molars have simple 
sub- compressed crown:*, surmounted by a single median conical cnsp, 
with a small anterior and posterior tubercle at the outer s^ide, and a 
ridge along the inner side of its base. They are separated by an 

« Annali of Natural Hutor)% Nov. 1839. 
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intenpace nearly et^uul to the antero-postermr diameter of the first 
molar. The second and remaining molars are in doee jnxti^oBiliM. 
The fihird and fourth molan form the priaMS^Md diftmoa batwaoi 

the deatitifm of the jireseiit genus and that of the Cfaattopotamus, 
baing larger and more complex in the grimllng surface. Tksf 

procont a stiddcn incrcfise in cizc and change of form. The 
plane of the crown is tnaiiLiular, with the base outward?*, and the 
posterior and inner side couvex : it supports three principal cusj)s, 
two on the outer, and one on the inner side ; there are also two 
amaller devataoDs ^th adepnaiioii oa the aimiiiiit of eabb» aitvaM 
in the middle of ^e orown, and the whok it aotioaiMled widi « fidga 
which is developed int > a small cotp at the anterior Hid external 
angle of the tooth. I'he three true molars closely correspond with 
those of the Chseropotamus. The sockets of the canines fl**il*ltt 
that these teeth were relatively us large as in the ])cccari. 

The bones of the head are separately described : the palatal 
processes of the maxiUary hones are shown to be mgoos, as in liae 
peocari ; the eye to have been foU and large, as indkalad by thesiae 
of the optic foramen and tiie capacity of the orbit, equalling an iw^ 
in vertical diameter : the general form of the skull is described as 
partaking of a character int( rmediate between that of the hog and 
the hyrax, though the Large size of the eye must have given to the 
physiognomy of the living animal a resemblance to that of the Ro- 
dentia. 

These Indioatbns, Mr. Owen sava, scanty though they be, of the 
form of a species nearly allied to oie Chsropotamus. are extremely 

mteresting, on aooonnt of the absence of similar information regard- 
ing that genus. The resemblance of the molar division of the 
dental system in the new genus, for which the name of Hyrarothe- 
rium is proposed, and the Chicropotamus, is sufficiently close to 
warrant the conclusion, that the canines and incisors if not similar 
would differ only In form and proportion ; and that hence it may be 
ventured to solve analogically some of the donbta enterfcsanea by 
Cuvier respecting the dental characters of the Chieropolamus, and 
to aiErm confidently that it had canines in the upper as well as the 
lower ja%v. The incisor teeth with the ossa mtermaxillariH are 
wantioL': in the specimen of the Hyracotherium, and have not been 
found HI any Iragment of the Chieropotamus. 

2. The remuns of birds described in the paper consist of a sternum, 
with other bones, and a sacrum, die former belonging to the ooOee- 
ti(ni of the late John Hunter, in the Royal College of Surgeons, 
and the latter to the cabinet of Mr. Bowerbank. Both the speci- 
mens were ohtaincd from ShojApey. The Hunterian fossil includes 
the sternum nearly entire, the proximal ends of the coracoid bonc^, 
a dorsal vertebra, the distal end of the left femur, the proximal end 
of the corresjpomling tibia, and a few fragmeuts of ribs. Mr. Owen 
first shows, m approximating to which of the three neat groups of 
birds, terrestrial, aerial* or aquatic, the Omitholite ndonged, that 
firom the length of the sternum and the femaina of ^ primaiy in^ 
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tmuieuJar enat or keeL it could sol hm been a strictly teimtrial 
bird, though these characters do not piOTe that It was a bird of 
flight, as ^ey occur in the Penguins or other Brachyptera, w birh 
have need of muscular forces to work their wings hb paddles under 
water. In the present fossil, however, from the lateral extent 
and conveiity of the sternal plate, tlie presence and course of 
the secondary intennaaoular ridges, the commencement of the keel 
a little way behind the anterior margin of the sternum, Mr. Owen 
says there is no affinity witli the brachypterous family, llie cora« 
coid boncp or ])ostcrior clavicles, he also shows are less available in 
determining tlic hiibitb of the Ornitholite, as they relate much more 
closely to the respiratory actiuuB than to the moN cments of the 
wingSf end afe itronglv developed even in the Apteryx. Tbore xe* 
nuined conseqnently tor comparison the ordmary birds of iUght; 
and of these, the native species, which resemble the fbiiil ia lice, 
first rlnimed Mr. Owen'" attention. Thouirh tlie «tenmm i? not 
complcti , yet sufhcieut remains to have enabled him to set aside tho 
Gaiiiuaceous, and those Grallatorial and Passerine birds which have 
deeply incised stemums, and to restrict the field of comparison to 
snch species as h«ve the stenram either entire, or itith shallow pos- 
terior emarginations. After a rigid cmnparison of the minor stmc- 
tural details and pursuing it from the sea gulls and other aquatic 
birds upwards through the Grallatoriid and Passerine orders, omitting 
few British species, and no genus, he at length found the greatest 
number of correspondences in the bkcietou ol ilie accipitrine spe- 
cies. The resemUenee, however, was not snffidently dose to ad- 
mit of the fossil being referred to any native genus of Raptores ; the 
breadth of the proximal end of the coraooid removes it from the 
owIr ( Sfrif/ifhc), the s}jaft of the same bone is too slender for the 
FileonidiE ; and the k inur and tibia are relatively^weaker than in 
many of tlie British Hawks or fiuzzards. It is with the Vultures 
that Mr, Owen has found the doaest agreement ; but he says the 
fossil indiaitei a smaller species timn any known to exist in tho 
present day. and lb probably a distinct snbgenus. 

The professed ornithologist, Mr. Owen remarks, may receive 
with reasonable hesitation a determination of family a&nities arrived 
at, in the absence of the usual characters deduced from the beak 
and feet -, but in the course of a long series of close comparisons, he 
says, he has met with so many move chaiaeten, both appreciable and 
Bvailable in the present problem, than he anticipated, uat be confi- 
dently expects, in the event of the mandibles, the bones of the feet, 
or the entire sternum of the bird in question being found, they will 
establish his present conclusion, that the Sheppey omithoUte is re- 



abnndant m the wanner htitodea of the present world. 

The Omitfaolite in Mr. Boweibank's museum consists of ten sa- 
cral vertebrae anchylosed together, as is usual in buds with a eon* 

tinuous keel-like spinal ridge. Four of the vertehne are analogous 
to the lumhar vertebra} in the mammalia, and they are «tjcceeded by 
hve others, in wluch, as in the Vultures, the inferior transverse pro- 




Accipitrine Scavengers, so 
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cesses arc not developed, 'lliis character, however, Mr. Owen ^nys, 
is not peculiar to the \'ultund,x. Though the j>art of the fossil pre- 
bcrveU is eminently characteIl^Uc of the class of birds, yet it is Dot 
calculated to throw light on the doser affinities of the apeciea to 
which it belongs : nevertheless it supptnrta rather than aflfects the 
determination of the Hunterian specimen. For the appafently ex- 
tinct bird indicated by these fossila, the name of LUkomm vwUwrkm» 
is provisionally proposed. 

3. Mr. Owen commences his description of tlic remains of an ex- 
tinct species of Serpent found at Sheppcy, by pointing out the es- 
sential characters by which the vertebra of an Ophidian Reptile are 
distinguished. 

Vertebra: joined cnarthrodially by a deep anterior trans\'crsely 
oblong cup and a corresponding prominent jifi«tcrior !)cill, and fur- 
ther articulated by projecting posterior oblitiuc proce4?ses, wedged 
like the carpenter's tenon into a mortice, excHVitlod in the anterior 
oblique processes of the soeceeding vertebra, supporting moreorer 
on each aide of the fore part of the body an oblong convexity for 
the moveaUe articulation of the rib, can belong, Mr. Owen ob- 
serves, to no other than a reptile of the Ophidian order. 

One of the specimens described in this portion of the memoir, 
consists of about GO vertebrae possessing the above characters ; al$o 
of a number of long slender libs, having expanded concave vertdual 
extremities cemented irregularly together by a mass of infamled 
clay, and it forms part of the Hunterian collection of foasib ; an- 
other specimen, consisting of 28 vertebra?, and some otlier-j of less 
magnitnde, belong to Mr. Bowerbatik's collection. All the speci- 
mens, Mr, Owen considers, are rcferrible to the same species, and 
they were all found at Shep|)ey. 

The vertebne in each specimen present the same oonfbrmalioD, 
and nearly the same size, being equal in this respect to those of a 
Boa C onstrictor 10 feet long. They belong to the ordinary dorsal 
or costal series, and differ from those of the Boa and Python in their 
superior le ngth as compared to their breadth and height. The ridge 
continued Irum the anterior to the posterior obUquc processes on 
each side is less developed : the obhv^uc processes thcmsdves do not 
extend so far outwards ; and the spinous process is nanower in its 
antero-posterior extent but longer. In the first two of these diffinr- 
enccs, the fossil agrees with the Linnrcan Coluber and its subgenera, 
but ditters from the Crotalus ; and in the remaining i)oints it differs 
from Crotulus, Coluber, Naja and 'J'rigonuce})halus. The long 
and comparatively narrow spine, the outward prolongation of the 
upper angle of the posterior oblique processes* the uaifcnm convexity 
of the costal protuberance, the uneven or finely wrinkled external 
surface of the superior arch of the vertebra, are characters which 
distinguish these Oi>hidinn vertebrie from those of any other genus 
of the order with whic h Mr. Owen has been able to com^jan- them. 
He thcrelore proposes to call the species provisiouaiiy l^alccupkm Tu- 

Hie ribs are hollow as in all land serpents. 
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From the agreement in the coah^niruti ui of the under ?nrfnce of 
tbc budy of the vertebrse of the fu::Mi vv ilii that in the vertebrae of 
the Bam and Pythom mora nmily than witli tlie Cktlnfaii. and in 
none of the diJIeranees above notieed indieating any obatacle to the 
entrapping and destroying a Uving struggling prey, as well as from 
the length (11 feet) which it may be inferred the creature attained, 
Mr. Owen concludes it \vn« not proTided with poisonous fanf?^)*. 
Scrpcuts of similar dimensions exist in tlic present dny only in 
tropical regions, and their food consiisU* principally oi the Hurm- 
olooded anunab. Mr. Owen therefore in ccmclonon states, that had 
no evidence been obtained ef biidt or mammalB in the Loiulan day, 
he would have felt peieoaded that tiuy mnat have coe i rirtc d iridi 
the P t h m i ^ kk Miap i m§ . 



BOYAL 1BI8H ACAOIMY. 

Feb. 24. — A communication was read, entitled," Justification of 
Mia. Sciaeivilli^s £xperimenta upon the nagneCiEing Fower of the 
Biofe refrangible solar Rays*.*' By George Jamea Knox, Esq. and 
the Rev. Thomas Knox. 

Professor Morichini of Rome was the first to ob?cr\-c that steel, 
when exposed to tlie violet rays of the solar spectrum, becomes 
magnetic. Similar experiments were tried by Mr. Christie in 1Sl>4 ; 
but the mobt accurate experiments upon this subject have been per- 
formed hf Mrs. SomerviDe in 1825, who deterudned that not only 
violet, but indigo, bine and green, develope magnednn in the ex- 
poKd end of a needle, while yellow, orange, and red produce no 
sensible effect. As many philosophers have failed in repeating these 
experiments, wc were induced, in the course of the summer, to un- 
dertake tiie invcstigtitiun of tiiis ?iibject, " which has so often dis- 
turbed science." Having procured several hundred needles, ot tiif- 
lierent kngtlis and Unelaiesses, and having ascertained tint they 
were perfsiBtly free from nmgnetism, we envdoi)ed them in white 
paper, leaving one of their extreme ends uncovered* Taking ad- 
vantage of a &vourablc day for trying experiments upon the che« 
mical ray, (known by the few seconds required to blacken chloride 
of silver,) we placed the needles at right angles to tlie magnetic 
meridian, and cx])osed them for three hours, from eleven to one, to 
the ditfereiUly refrangible rays of the sun, under coloured glasses. 
Those beneath the red, orange, and yellow, showed no trace of mag* 
netimn» while thoaa beneath the bhie, gtccn, and violet, exhibited, 
the two first feeble, hot the last strong trsoet of magnetism. 

To determine how far the oxidatiiicr power of the violet ray is 
concerned in the j)lia^nomenn, we exposed to the different coloured 
li^^hts needles whose extrriiuiies had been previously dij)pcd in nitric 
acid, and luund ihat tiie y i)ecame magnetic (the expubed end having 
been made a nofth pole) in a mach shorter time than the others, 

• Phil. Trans, vol. cxvi. 1826. (Reprinted in riiii. Mag. First hcrie*, 
vol. IxvilL p. 168.) 
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and tiiat tliis effect was produced in a slight degree uader the red 
(when expoped r sufficient length of tittie), strongly under white 
l^aM I and so strong under viotet gl iw >, tluik «1ib ciiot took piM 
•fco trbea the ne«dks wen pltc^ in such a position along IhB 
mgnelio meridian, as would tend to produce, bf tiw Mrtli'a ia« 
facncc, n south pole in tho oxjiosed pxtrei^iitv. 

Conceivinti; that tlu iiinetive state ])roduced in iron (as obscn'cd 
by Schocnbem) when plunged into nitric acid, sp. gr. I ''36, or by 
being made the positive pole of a battery, or by any other weans, 
night thzov aoae upon liie natuva of Hia c le ahk al ^ange 
pp^Qoed, esparinNttta wan instituted to tUm t^k^ whkb ahoipad 
that no traoa of nagaatMn could be thereby produced. 

March 16. (Stated meeting ) -The following Gentlanes wen 
duly elected Officers and Conned for the ensuing year : — . 

Presideni : Sir William Rowan Hamilton, LL.D. — Treamrcr: 
Thomas Herbert Orpeu, M.D. — Secretary to the Acadvnty : Rev. • 
Joaeph H. Singer, D.D^— ^irarvlMy «a Uta Otmmir Jaaaa Mac- 
QiUagli, I1L.D. ^Secntmy of FtfH^m CorretpnOmm f Bar. 
Humphrey Lloyd, A.M. — Librarian : Rev. William Hamilton DvMi* 
nond, D.D. — Clerk and Assiatafif Librarian : Edward Clibbom. 

Committee of Science : — Hev. Franc Sadlicr, D.D., Provost of Tri- 
nity Colic rre ; Rev. Humfihrey Lloyd, A.M.; James Apjohn, M.I). ; 
James MucCuiiagli, LL.D. ; llev. Wiiiiiun Digby Sadleir, A.M. ; 
Robert Ball, Esq. ; Robert Kane, MJ). 

OmmUiee of PMalMm^trnt^VSokenat^ Aiahbiahop of 
Dublin; Rev. Joseph Henderson fiingar, D.D. , Saatu^ Littoi^ 
M.D. ; Rev. William Hamilton Dnimmond, D.D. ; Rev. Cliailai 
Richard Elrington, D.D. | Rev. Chaika William Wall, DJ>«» Bcv. 
Thomas H. Porter, D.D. 

Committee of Antiquities >' — Thomas Herbert Orpen, M.D,; 
George Petrie, Esq., R.H.A. ; Rev. Caesar Otway ; Very Hev. the 
Heanof St.Pkitnok'a; Rev. Jamea Hcntlioni Todd, t Vkmmf 
J, MonA Maaon, IjL.D. ; AquiUa Smitli, M.D. 

The Fnsident then appointed the following Vice-Presidenta s Hk 
Grace the Archbishop of Dublin ; the Provost of Trinity College ; 
the Rev. Humphrey Uoyd; the Very ReY« the Daan of 8t. Am* 
trick's. 



CAMBBIDOB PStULCMOmiCUr fiOCIKTY. 

At the meeting of tliia aoeiety on Mondey, June 1 , Mr. HopUaa 

made a communication respecting certain geological phaenomena of 
C'levaticm, and their probable connexion with the existence of vol- 
canus. When a di5^trict is tr;i: ( i.'*ed by a number of fnnlts of 
which the directions are nearly puiallel, and the planes of w hich de- 
viate (as is generally Uie case) from verticality, the mass contained 
between any two adjoining firalta will form a perfect or tnoMBtod 
wedge, according as the une in which the pkuiea of the fonlta, or 
tlioae planes produced intersect, Uea within or without tlic elevated 
mam. A double syatem of wedges wiU thoa be Conned, of wiiieb 
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one part wUl have their tlildter portions upwards and the other 
duvvuvvard&. The latter will mauifcstiy he acted on rt»i>ectively by 
d«v»tmg forces greater in propartton to their maiB than the fc^mer, 
supposing the uplifting fiMwe Id act wufonily over the lower mahm 
of the mass ; and oomequently after the Hssares are ]iioduced bj 
the elevation and extension ^of the mass, the lower system of wedge 
will be forced upwards more than the upper otio, anfl thus the two 
systems will be relatively dlspl u id in such a oumuer ns to briivj; 
thicker portions of them in contact thaiiia their original pobitions. 
The two sv&tems b<;ins thus Jammed into each other, the uplifted 
mass win be supported as an ardi, prcmded the abutwuntM onwhieiL 
tiie extremities reat be auffictently vm to aupport tba jneaaiire Urae 
thrown upon tiiem. 

If '\v«' conceive n vertical line to be drawn downwards from any 
point in which the plane of a fault meets the cartli's surface, the 
line will not generally coincide with the plaiic , aud it is found tiiat 
the relative dibplucement ul the purtioug of tiie mum un opposite 

aides of the ftiolt la usually audi, that tiiat portion In whiob tlif 
above vortical Hne liea appears moat elevated. 
Mr. Fhill^ liaa established this law by nmnerous observations, 

as a very general one. In considering the relative positions of the 
two systems of wedj^es above-dcFcribcd, after their displacement, it 
will easily be seen how simply this law is generally thus accounted 
for. 

Ittiins appeals, also, how great horizontal forces, and eonae* 
qiMntly great hwriaontal dSsplamienla may be prodnotd, lior wiiiflb 
it would be difficult peiiiaps ao easily to account in any otiier 

manner. 

Mr. TTopl<ins explained the probable bearing of the above views 
on the theory of volcnnn« in the followinir manner. 'I hc tmipera- 
ture of the earth, iu accordance with actual observations at com- 
paratively small depths, may be such at the depth of twenty or 
tliirty mues, as woiud voder tlie piessare of the atmosphere fuse 
most of the substaneea composing tiie surface of the globe. No 
complete fosion, however^ of the matter of the earth at the above 
depth can take place, because it is shown by the observed amount 
of precession, that the thickness of the earth's solid crust must at 
least be much greater than that quantity. This apparent discre- 
pancy can only be removed, it would seem, by supposing pres^iure 
an antagonist cause witii relBreoce to heat considered as the cause 
of ilttiditj. This atin requirss the verification of estperiment, but 
bete assimiing it to be true, it is easily seen how the crust of the 
earth may be generally solid to any depth, while portions of it may 
be necessarily fluid, fntm the removal of the superincumbent ])ress- 
urc by the formation over it of an arch or a dome in the manner 
above describe 
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URINE OF THE ELEPHANT. 

IT is shown by the experiments of MM. John and Vo'jcl, that the 
urnic* of the elephant docs not contain benzoic, but hi]»puric acid. 
M. lirundes has examined it and has obUiiued the hslhhq. iQ,s,\Ai!i, and 
hU experimento prove that it coataiiu a notable quantity of hippuric 
acid, and he procuied it perfectly pure. 
He found in this urine : 

Hippuric acid combined with urea (hippurate of urea). 

An azotized extractive matter, soluble in water and in alcohoL 

Traces of a fatty matter and of a black resinous substance. 

I lippuratc of potash. Carbonate of lime. 

Chloride of potassium. Phosphate of lime. 

Sulphate of potadi. Carbonate of magneria. 

Carbonate of ammonia. Mucus. 
The urine of the elephant does not then form an exception U) the 
constitution of herbivorous animals ; and M. Brandes concludes from 
his experiments, that the uicu i& cumbmcd with acid, u;^ dumoo- 
•trated by the researches of MM. Cap and O. Henry. The efe* 
phant's urine contains a considerable quantity of earthy ta|t4<*— 
Jtmrnal de Chime Midkah, Dec. 1839. 



DELVAUXINE. 

Mr. Sandall has twice analysed a miuend named Delvauxine, 

which has the formula P + 24 H attached to it, and finds its 

composition to be very nearly as follows : 

Sesquioxide of iron .52*37 

Water 40' 19 

Silica 3-95 

Phosphoric acid 2'62 

Lime '87 

100-00 

The supposed composition denoted by the preceding formula is 

Sesquioxide of iron 12-82 

Water 69 23 

Phosphoric acid 17*95 

10000 

It will be seen, by reference to vol. xiv., p. 474, of the I^)nd. and 
Bdinb. Phil. Mag., that Delvauxinc, according to M. Dumont, is 
composed of Peroxide of iron . . 30'30 

Water 4130 

SiUca 4*00 

Phosphoric add . . 13*95 

Carbonate of lime 10*10 

99-65 

If the discoverer of the mineral will repeat his analysis, he wil 
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probftblydiflooTer some source of error in his processes, or it may 
turn out that the mineral is only a vnrinbic mixture of the elements 
of which it is composed, and not a definite spedes.*— K> P. 



ON I IJE REDUCTION OF POTASSIO-CHLORIDE OF PLATINA. 

M. Pariscjt observesi that chloride of platina is employed in la1)ora- 
torics to ascertain the presence of po^h and its salts in solution ; 
and bi»ng consulted as to a method of easily separating the platina 
of the double chloride, he found that it might be effected by means 
of sine. 

The process consists in takino; the precipitate of chloride of pla- 
tina and potash, or the In pi id v hich holds it in solution, and com- 
pletely dissolving it iu water, and the solution is then to have suU 
jfthurie added to It, Into this acid liquid a cylinder of »ne is to be 
immeiaed ; decomposition of water occurs, attended with tiie evolu* 
tion of hydrogen and the formation of sulphate of zinc ; this re- 
mains in solution, while the platina is precipitated in the state of a 
black jiowder. 

Tlie reaction is maintained, with tl»e disengagement of hydrogen, 
by adding a little sulphuric acid, until all the platina is precipitated, 
which is known to be the case when the liquor is perfectly colourless. 

When the platina is reduced it is collected on a filter, washed 
with boiling water, then dried, and afterwards treated with a little hot 
hydrochloric acid, to deprive it of any zinc which it may retain, and 
lastly it i? to he washed with boiling distilled water. — Joum, de 
Chim, Med, Avril. 1840. 



DR. BARRT ON THB CORPUSCLES OF THE BLOOD. 
We are requested by Dr. Martin Barry to mention, that the rapid 
and incessant changes in the form of the blood-corpusdcs observed 

by him in certain altered states, described in a jiajjcr read before 
the Hoyul Society. June 4, 1S40, are caused, as he has subsequent 
reason to believe, by contiguous cilia. 



ACECHLOR-n . A TINA. 

M. Zeise obtains this compound by Uituniting ciiiuride of platina 
with a soffident quantity of acetone to form a thin paste, and leaving 
the mixture in dose vessels from 38 to 40 hours. During the so- 

lution of the chloride heat is given out, and an irritating vapour, 
mixed with hydrochloric acid, is evolved. A fluitl, brownish, black 
compound, is at first formed, but the greater part becomes a crystal- 
line mass in al)out 24 hours ; wlien tiie fluid portion has been se- 
parated, the mass becomes of a yellow colour when treated with 
small portions of acetone on a filter. The mother liquor contains 
some acechlor-platina, which maybe obtained by distilling it to dry- 
ness with the acetone which has been used in washing; the blackish 
mass obtained is to be treated on a filter with fresh portions of 
acetone. 
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The ]'iTO]icrtie?5 of nrprh1or-])latiii;i wxv, that when drv it is in- 
odorous, has ii laetHllic ustrini^ciit taste, hums on tlio ;ipproach of a 
taper, with a greeuish liame, and leaves meiuilic piutma ; when heated 
in a glaw vtmtH by mMni of aa-4»l-b«lb, it snpporte a hMt oC 388^ 
Fsfar. wiUMMtt wufWiBg wy odour ajid ^ntimt appaiwk dwBge ; 
bat when heated to about 397^» it begins to blacken and to yidd 
an acid and penetrating odour. At 437", in one experiment, the \rhole 
was converted into a black mass, with the disengagement of acid 
vapours, and a peculiar smell. After a heat {gradually increased to 
572<* Fahr., it appealed tu yield no further odour ; unci when heated 
to rednefifi it gave only a slight aeid amdl. The rendneit peilecdy 
bladLbefofo oontiict with me air* nor do any metaUic partuHee after^ 
waids appear in it. It does not fnte or fweU up pcewmdy to do- 
composition. 

Water dissolves but a small portion of acechlor-platina; the solu- 
tion is nt first yellow, but becomes brown after a lew hours ; the 
gall also, wiuch dues nut dissolve, becomes brown by remaining uniier 
water. When heated with water it becomes first deep brown, and 
afterwafda Uaek, yielding aome peenliar |mdneti s war dlnohva 
but little, alcohol rather more, especially when hot and Ihe salt cry- 
stallizes unchanged ; acetone distolves much more ; the solution is 
yellow, it probably takes up a thirtieth part when col<1 and a twen- 
tieth when boiUng ; the solution does not redden htmus unless 
water be present ; conccnUatctl liydrocldoric acid does not act ujK)n 
it witiiuut the assistance of heat ; and the solution may be boUcd 
without alteration. A solution of potssh dinolves aoacUor^platiaa 
completely; the colonr is brown ; when heated with ammonta, or in 
the dry way with potash, barytes or lime, its properties are chauged. 
If copper be digested in a solution this compound is acetone ; it is 
covered in a few hours with a black powder, on the nddition of a 
little hydrochloric acid ; in fact, this circumstance occurs immediately, 
and a little gas is evolved. Mercury acts similarly, but an amal- 
gam is produced, and afterwards a black powder separates : when 
phosphorus is put into a solution of aoeohlor^pUtba in acetone an 
insoluble black powder is formed, containing platina, cariMn and 
phosphorus ; sulphur gives a soluble* compound. 

If a mixture of acetone and nitrate of silver, which is slightly 
opake, be added to a suhition of orechlor-platiiia in acetone* an 
abundant precipitate of a pure yelluvv colour is iomu diatt Iv formed; 
but in two or three minutes it becomes black, and tiie mixture re- 
mains long turbid ; mtric acid produces no eiftct wboi addod to a 
solntian os f**f -^p^n^^int 

An aqueous solution of chloride of poCasiiiiBi or aodfaan dissolves 
acechlor-platina more abundantly than mere water ; the solutions 
are yellow, and suifer no sensible change by ebullition, which indi- 
cates the formation of a double compound ; but if this actually 
occurs, it is much less stable than that which results from the ac- 
tion of these chlorides on combustible chloride of platina (by alco- 
hol), and they differ probably in other lespeets. 
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The mean of sevcnil experiments gave as the compontioiL of this 

aubetance, Platina 53*5883 

Chloriae 19-1010 

Carbon 19-4260 

Hydrogen 2' 8980 

Oxygen 4-9867 

100- 

which, acconlintr to 'M, Zeise» are equivalent to 

1 atom oi plat uia 1233-2GO 53 G920 

2 atoms of chlorine 442*650 19 2710 

6 atoms of carbon 458*623 19-6660 

10 atoms of hydrogen . . 63*398 2*7166 

1 atom of oxygen .... 100*000 4*8537 

Atm. de Chim, et de Pkys., t. Uxii. 



MITRITB8 FORMED BY DIRECT COMBINATIOK. 

M.J, FVitzche fonns these salts by passing nitrous acid, procured 
from the aetbn of nitric add upon starch* into water oontainini; 
finely divided oude of lead ; the oxide is quickly converted into a 
wl.ito mass, which, on continuing to pass the nitron? acid into 
it, com])]ctely dissolves. The deep yellow iiolution thus obtained, 
yields by cva])(>ration with a g-entle heat a confidemble f|unntity of 
nitrite of lead in yellow silky scules. A very small quantity of 
nitrate is formed in this operation ; there is, therefore* no doubt 
that nitrons aeid can combine directly with bases, — JUIntiitmt, 
No. 341. 

MBTBOROLOOICAL OBSERVATIONS FOR JUNE, 1840. 

ChistticJi. — June 1. Very hot am! dry. 2. Thunder «;torm, wit!> rain in heavy 
showers. 3. Fine. 4. Overcast. 5, Driiily. 6. Cloudless and hot: heavy 
rain at night. 7—11. Voy fine IS. Omrait and fim. IS — 15. Very fine. 
16. Hot and dry. 17. Fine : showery. 18. Sliowcrv in the nioroing: windy, 
19. Slight raia. 20—24. Very fine. 25—89. Cloudy and fine. 30. Xlaiy :r«ia. 

Tbe mara temperature was widiiii a Ametion of tbe aveiBfe fbr tbh month. 
The quantity of rain was moderate. Westerly winds were unusually premletlt. 
On the whole the weather may be considered as Jiivmg been favourable. 

Botton. — June 1. Fhie: Therm. 78*^ one o'clock. 2. Cloudy: Therm, at noon 
5S^: rain r.M. 3,4. Cloudy: rain r.M. 6. Cloudy. 7. Fine: rain early 

A. M. 8. Fine. 9. CloHffy: rain r.M. 10, U. Fine. IC. Cloudy: rain p.m. 
13,14. Fine. 15. Cloudy. 16. Fine. 17. Fine: rain early a.m. 18- Cloudy. 
19. Rain. 9a Fine. SI. Cloudy : rain p.m. 22. Fine: rain eariy A.M. : rain 
r.M. 23. Fine: rain r m 21. Fine. 85. Clottdy: nun A.II. sod PkM . 96. 
Fine. 27, 28, 29. Cloudy. 30. Fine. 

jt^jittgarth Marm^ Dum Ma M tt^Jnm I, 9. IfTOd with occasional ahomara. 
9. tine day: bright sunshine. 4. Clou ly fnu dry. 5. Rain in the evening. 

B. Rnin in tbe monuog. 7,8. Very fine day. 9. Showery all day. 10. Fine 
(lay : rain early. 1 1. The same, but Air. 19. Wet all day. 19. Very fine day. 
14, Wet greater part of the day : thunder. 15. Wet nfterooon. IG, 17. Str.riiiy 
and wet lU^ernoon. 18. Showery, but calm. 19. Wet am. : cleared u^i r.M. 
90. Showery A.it. : cleared and fine. 91. Showery'all day. 99. Rain a.ii. 99. 
Tlie same: cleared and was fine. 24. Fair all day and cold. 25. Sliowery, 
26. DrizxUqg «U dsj. 37. Showciy. 89» S9. Besuuful Mumner d«y. SU Wet 

XDOnUDg. 
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XXV. Reply to that pari of Mr. Weaver's Paper relative 
to the Mineral Structure of the South of Ireland, ivhich has 
appeared successively in the Numbers of the Philosophical 
Magazine for April, Ma^, and June^ 1810. iiy iUciiAUD 
Geiffitii, F.G,S, London and Dublin*. 

[With a 

LJAVING read with mudi care Mr. Weavet^s paper 
pablished in successive Numbers of the Philosophical 
Magazine» relative to the mineral stmcture of the south of 
Iremndy &c., in which he endeavours to support his own 
views t In opposition to mine^ respecting the oraer of succes- 
sion of the rocks, and the geolc^cal position to which each 
is referable^ I think it incumbent on me briefly to reply to 
those views and statements, which are quite inconsistent with 
facts carefully observed by me, and represented in my Inrt^e 
geological map, as well as in several sections, exhibiting wliat 
appears to me to i)L the true order of succession of the strata 
of the soutli of Ireland: some of these sections have been 
publibhed in the Journal of the Geolot^ical Suciuty of Dublin^, 
and others in the Numbers of this Ma^^azine for Mtfrch la^w. 

As the boundaries of the several rock districts as. repre- 
sented on the map, and tlieir relative positions as exhibited in 
the sections, di£»r materiallv from tnose published by Mr. 
Weaver, they are considerea by him to be imaguiattve com- 
positionst and conseonently unworthy of credit ; but I hope 
to be able to prove tnat my map and sections are founded 
solely on a careful observation oif fiM^Cflb and In no case firom 
hypothetical deductions. 

* CoBunttiiieslsd bj the Anthor. 

f See volt V. IVnuactions of the Geological Sooas^ of Loiidon» iseead 

series. J See vol. ii. part 1. 

Phil. Mag. S. a. VoL 17. No. 109. Sepi. IdiO. M 



162 Mr. R. Griffith on Mr. Weaver^s Paper rdaihe 

It is Quite true that la the counties ot Waterford, Cork and 
Kerry, I have made considerable changes in the colouring of 
my large geological map of Irdandf as compared with the 
fimall one npj^ended to the Second Report of the Irish Railway 
Commissioners ; but I should observe that, at the period of 
the publication of that map, and of the condensed Outline 
of the GLoIogy of Ireland which accompaoied it» I enter* 
tained doubts as to the accuracy of my views regarding the 
true position in geological seqiience of some of the arenaceous 
and scliistohe strata of our southern districts. From the 
Wernerinn character of my geological educntion, I found it 
ahnost inipubsible to conceive that quart/.- rock and clayslalii 
could be newer than the oUl red sandstone, or even belong to 
that series ; and consequently when I found that the coarse 
conglomerates of the counties of Tipperary and Waterfbrd« 
which rest uneor^omadfy an undoubted transition slate* alter- 
nated with, and were succeeded in an ascending order by 
red clayslate and red and gray quartz-rock, I was induced 
to refer the whole series to tiie transition class ; but, judging 
from their unconformable position in regard to the older day* 
slate, I considered them to belong to a newer transition serietf 
and described and coloured tlioni ns such. 

Soon alter the publication ot the Railway lleport I nnulc 
a careful re-exmnuialion of our souUiern counties, and uii 
comparing the well -characterized old red sandstones uf the 
Slieve-naman and Galties mountains of the county of Tip- 
perary, and of the Cahlreonreeor Slieve Meesh range of tne 
county of Kernr, with the conglomerate series of the county 
of Waterford, I found them to be identical in geological past^ 
liOR, and to present no difference in mineral character beyond 
a superior fineness in the grain of the upper members of the 
red slate series which occur in the valleys of the rivers Black - 
water and Lee in the counties of Waterford and Cork. Un- 
der these circumstances it became evident that I should either 
ol)iiternte the old red sandstone from my map, and class the 
whole with the transition series ; or assuming the uncoiyvnu' 
able poait ion of the red conrrjomcratc and datt with regard to 
the older clayslates as an indaaliun ul a diaLincl period of 
formation, arrange them with that series of rock to which 
the name of old red sandstone has been given by British geo* 
legists* 

In colouring the large geological map of Ireland, I adopted 
the latter principle^ and thereby removed the anomaly which 
occurred in the small one, in which the conglomerate series 
of the mountains of Clare, Tipperary, and the north of Kerry 
wera coloured as old red sandstone while rocks occupying 
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io the Mineral Structure of the Souik of Ireland* 163 

tha same geological position) and presenting the same mineral 
character and composition (as in theMonavouilnghand Knock- 

mildown mountains, aiui other portions of the counties of 
WntLM ford, Corl« and Kerry) were coloured ris belonging to 
tlie upjier portion of the transition series. Tiie investigation 
whicli led io this cbanL,^e having been very extensive and 
miniitL , enabled me to make numerous corrections in tlie detail 
ot tlie ouiUnes of the rock districts throughout the southern 
counties, and I think it right firmly to assert that every one 
of thoae sobdivtsions to which Mr. Weaver has applied th« 
term grafuitouSf has been the result of careful obsenrationa 
kid down on the spot, on a map on a large scale. Whether 
the subdivisions of the strata I have made may or may not 
eventually be considered as indicative of the boundary of 
distinct formations^ still they will be valuable as indicating 
the boundaries of different rocks prefjentinn; distinct mineral 
characters and fos^^il remains. Tlni^, m niv lUEip and sections 
1 have endeavoured to re(*resent with accuracy tlie relative 
]>ositions of the «>evLr:il rocks as they occur in geological se- 
quence, and u iicn a more correct nomenclature shall be esta- 
blished, it can be applied to both withuui diiliculty and with- 
out altering a single line. 

Mr. Greenough, in his introductory memoir to the new 
edition of his geological map of EngUind, has classed the old 
red sandstone with the graywacke formation, and has quoted 
from Dr. M'CuUoch's System of Geology, the characters 
of the formation as exhibited in Scotland, which he thinks 
are equally just when applied to the west of England, and in 
my opinion correspond very accurately with those of Ireland^ 
particularly of the south ; but I still adhere to the propriety 
of separating these strata from tlie transition class on account 
of their almost universal unconjurmiibility*^ which forms a 
stronger line of distinction between the transition slate and 
the old red series than wu find between the old red and the 
strata which succeed It, where no unconformabiiitv is ob- 
served, each suite, in the ascending series, succeeding the 
other in regular succession without any break, as fiur up at 
least as the new red sandstone ; consequently, there is really 
more difficulty in determining the line between the old red 
sandstone and the carboniferous limestone series, than between 
it and the transition slatef* 

* The only examples of conformability that I am acquaintcil with, occur 
in the west of the counties of Cork and Kern'. Sec paper by me in the 
Lond.antl Eel. Phil. Mng. for .March last.p^. 161—176 

t The lower bed^ of the carboniferous limestone in manv parts of Ire* 
IsadtaitflrBRle with yellewisli gray taaditons^ whish grsduale lato old 
rsdt 

M9 
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1G4 Mr. IL Griffith on Mr. Weaver's Papcr^ relative 

As to the term old red sandstone^ I agree with most others 
in thinking it objectionable ; but if this rockoccars in similar 
positions and presents similar mineral characters in the west 
of England, in Scotland, and in Ireland, a local name» as 
" Devonian," cannot be considered suitable, and the provin- 
cial term Jcillns^ recommended by Mr. Grcenough, thoiigli 
prelierable, as not indicating any particular locality, does Dot 
appear to be applicable to a general series of rocks. 

But I am forgetting the object ot this communication, and 
must retuiii to Mr. VVeaver. In common with all geologists 
connected with Ireland, I feel much indebted to hiui for bis 
laborious investigations in that country; and although I 
differ from him in many most material hinging points, still 
I fully admit that he has effected much that is accurate and 
valuable. Entertaining such feelings towards him, I regret 
to find that he has not entered upon the discussion of the 
differences between our respective geological labours with the 
fairness I should Imve expected, as-, in making his strictures 
on my geological maps and papers, he has compared the ex- 
plnnation which accompanied the production of my lari^c 
geological jnap^ with the small one and the "Geological Out- 
h*ne" appended to the Railway Report. As my large geologi- 
cal map was exhibited at the iiicetiug of the British Association 
at Newcastle in 1838, at the time I read my paper on the 
geological structure of the south of Ireland, ana as in that 
paper I mentioned the change that I had made in relation to 
the old red sandstone series of the southern counties, Mr* 
Weaver in considering that paper should have referred to 
the map which it was meant to illustrate, and not to the small 
geological map, the discrepancies in the colouring of which, 
as already expressed, it was intended to correct. Similar 
observations are applicable to the papers, also referred to 
by Mr. Weaver, read before the Geological Societies of 
London and Dublin, in May aikI June, 18,*i9, both of which, 
as meiuioned in the conHiicucenient oi' ihose papers, were 
communicated on the presentation of a copy ol my large geo- 
logical map, publishea in March of the same year. 

Instead of comparing these several papers, all of which 
refer to the geological structure of the south of Ireland, with 
the large geological map, Mr. Weaver has compared them 
with the small map, and the ^* Geological Outline " which 
accompanied it; we need not therefore be surprised at hb 
observmg differences and incongruities, and through them 
attempting to throw discredit on everything which 1 have 
done. 

It is true that Mr. Weaver iias introduced notes in several 
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places referring to the Inrge geological map, in the first of 
which he states, " that his pnper was drawn up before he 
had seen another geological map on a large scale, pubHshed 
in 1839 ;" and he observes, ** that as liie alterations that have 
been made in the new map do not mata-iall^ interfere with 
the course of his araument^ which in the first instance bears 
on the map attachedto the outline, he has left the text un* 
altered." Now in his text Mr« Weaver does not confine his 
observations to the outline and small geological map, but re- 
fers equally to the three paners read by me before the British 
Association, and the Geological Societies of London and 
Dublin, the whole being compared with the small geological 
map, though at the period of the publication of his paper in 
April 18iO, niy hir^e n^colo^ical map had been in the j)osscs- 
sion of the London Cnolorrical Society for eleven moiitlis, 
and was to be seen oxhibiiLd in Mr. Gardner's, in Regent 
Street, for upwards of a year ; so that it does appear extra- 
ordinary, that Mr. Weaver, who in the commencement of his 
paper alludes to my several commtmications above-men- 
tionedy in each of which my large geological map is men- 
tionedy should not have seen it when he drew up his paper 
for the Philosophical Magazine. 

With this explanation I will conclude my observations on 
the subject of tlie discrepancies noticed by Mr. Weaver be- 
tween my small geological map, and the sections and papers 
intended to illustrate tlie large one. 

In comparing Air. Weaver's geological map of tlie south * 
of Ireland with mine (the large one), it must be admitted 
that the dilferences a? c veri/ considerable f both in the great 
scale and in the detail. The latter is not to be wonderetl at, 
as I poij^essed much better maps, and had many ojipuriunilies 
of examination in almost every locality ; but in regard to the ' 

Sreat features, some explanation appears to be necessary, 
f r. Weaver considers the whole of the schistose strata si- 
tuated to the south of the river Suire in the county of Water- 
ford, and thence to the south coast of the county of Cork, to 
belong to the transition series, on the northern part of wbich^ 
particularly on the summits of die Knockmildown and Mona* 
voullagh mountains, strata belonging to the old red sandstone 
series are superimposed in an unconformable position ; and 
that the limestone of the valleys of the rivers Suire and Black- 
water belong to the carboniferous series, while that of tlie 
valleys of the rivers i>i ide, Lee, 64C. is transition, and alter- 
nates with the transition slate. 

According to my view, the transition slate within the above- 
mentioned hmits is confined to the dark gray slate dbtrict 
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south of the conglomerate of the valley of theSuire and cast of 
that of the Monavoullagh luuitiiiaiiis ; while the conglomerate 
of these monntains rests unconforinably on the slate strata to 
the north and east, and dipping to the southward, forms the 
substratum or base of the whole of the arenaceous, quartzoae 
and schistosie) strata to the southward ; and consequently, as 
these conglomerate beds are admitted by Mr. Weaver to 
belong to the old red sandstone series, the strata which rest 
upon them cannot belong to the transition class. I am also 
decidedly ofopn^ion that the limestones of the valleys of the 
Suire, the Biackwnter, the I^iidc, and the Lee, all occur 
in the same geological position, being placed on the top of the 
series, and tnat as the limestone ofthe valleys of the Suire 
and Blnckwater are admitted by Mr. Weaver to be carboni- 
ferous, all the oLhers must likewise belong to the same series. 

In proof of the accuracy of these views, I formed with 
great care a section passing through thb district nearly in a 
north and south direction; and if mis section exhibits a cor- 
rect representation of the relative positions of the several 
rocks, Mr» Weaver^s views must be erroneous. 

This section was exhibited at Newcastle in 1838; at the 
Geological Society of London, in May, 1839, in illustration 
of my paper; and subsequently at the Geological Society of 
Dubhn, in June, 1839, and has since been published in the 
Joarnai of that Society. 

I shall now proceed to consider Mr. Weaver's objections 
' to my sections, both as to the principle of their construction 
and their accuracy. 

He objects to the principle of making the scale of the height 
much greater than the scale of length, as he observes that 

without considerable labour it leans to inaccuracy, as such 
sections, unless done correctly, instead of conveying precise in- 
formation, tend rather to mislead the judgement." 1 quite 
agree to the posidon that an inaccurate section will tend to 
mislead ; but if a section be made with care, and the relative 
positions of the rocks be accurately laid down according to 
the respective scales, no error can arise^ though the angle of 
the dips will be necessarily increased. 

The direct advant;i^^c to be derived from making the scale 
of height greater than ihe scale of length is, that supposing 
the scale of 8 to 1 be taken, the length of the paper on which 
the work is laid down is but Jth of the length which it would 
be, if equal scales of length and height were adopted ; and iu 
lon^ sections this is most im|iortant, by bringing the whole 
subject under the eye at one time, insteadi as must otherwise 
be the case, of having it in a long roll, or diftrent portions 
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placed one beneath the other, by which means the continuity 
It brokm. 

Suppose the scale of height adopted te a section of a 
QUMmtauioiii diatriet be 9000 feet to ao inobf aod the distance 
between the termuii be 100 milesy on equal soales» the length 
cisnch a section would be 22 feet; while by adopting a scale 
of 8 to 1 for the height the length would be but 9 ieetain^ 
and if carefully conatnicled the latter would gi?e as clear • re- 
presentation of the stmetnre of the country aa the other. 

In regard to the second point, namely, the accuracy of my 
sections, Mr. Weaver observes, " that they appear to him in 
many respects dravvn rather accordini^ to the conceptions of 
their auLhor, than the occurrences in nature." This is cer- 
tainly not complimentary ; but as my sections throut^h the 
same district diHer in many important points from those mado 
by Mr. Weaver, I cannot be surprised at the opinion : my 
consolation is, iliai h^hould I prove mine to be correct^ his 
opinion ol lay work will be applicable to his own. 

The part of my section near the east coast to which Mr. 
Weaver objects, is from the vaUef of the rivar Saire to the 
aoitth eoest in the conn^ of Gorki end firsts aa be obaerres, 
respecting that part wbkii liet batween the talley of the 
Suire and the vale of BuQgarraii^ which latter eitenda weat^ 
ward lo the BU^kwater,'* 

Aafiur southward aa the coofflomerate of the Monavoullagh 
mountainsy which rests unconformably on the old clayslate ^ 
the county of Waterford, there is no difference of opinion be* 
tween Mr. Weaver and me ; we both consider the limestone 
trough of the Suire to be carboniferous limestone, and the red 
slate and conglomerate to be the old red sandstone ; but Mr. 
Weaver states that I am incorrect in making the old clayslate 
to the south of the Suire dip north ; he snys, the dip is lo ilie 
south. Now I liave examined the stratifkaiion with ^reat car^ 
both piLviously and subsequently to the publication of his 
paper, and I must state, that in the line of my section from the 
hill of Carrick sou lit ward by Mill vale Lo Radicormuck, Liiu ge- 
neral dip of the cleavage in the old slate series is to the south, 
but the dip of the itratUf as detarmined bv the sedimentary 
Hneib ia to the northward } conaequently Mr* Weayer in thia 
caae aaiiit have mtataken deavagefor slrailficaiiom It afaonhi 
be obaerved In tbia olacCf that although the alete strata dip 
towards the Dorth» their ara not conwrmable with the over* 
l^ing conglomerate of tlie valley of the Suire, the latter dip- 
ping to the north at an angle of 80% while the ends of tne 
alate bed% where the joncttoo ia clearly visible, abut obliqueiv 
against the conglomerate, and dip SO to the weat of norto 
at anglea varying from 35° to 60^ 
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168 Mr. R. Griffith on Mr. Weaver's Fapei- relative 

We ma^ next consider the Monavonllagfa conglomeratey 
which in his map Mr. Weaver shows as an insulated tract* 
sunoimded by transition slate; I, on the contrarv, show in 

my section a precipitous escarpment to the north, but a gra- 
dual declivity towards the south and south-west. It' Mr. 
Weaver be correct, his conglomerate, which he represents as 
a mountain cap, must rest unconformably on the transition 
slate on the south as well as on the north side; now, I posi- 
tively assert that such is not the fact, but that the alternating 
series of red clayslate and conglomerate, which presents so 
striking an escarpment on the north fiice of the mountain 
ranse,/orms the lower fort^lke red date terieSf and that pro- 
eeeding from the summit ofCrottv'srock to the southward we 
regularly ascend in the series* till at lenetii in approaching 
the filackwater near Lismote^ we meet the yellow sandstone 
with ^\^^*^ which in so many localities alternates with the 
carboniferous limestone, that I have been induced to consider 
it rather as the lowest member of the carboniferous limestone 
than the upper part of the old red sandstone series*. Now 
if I am right in this position, what becomes of Mr. Weaver's 
mountain cap, or of the occurrence of the old transition slate 
to the southward oi' the Monavoullagh mountains ? As an ad- 
ditional proof of the correctness of my views on the subject* 
I have made a careful examination of the district miihin the 
Uut mtmthf and have prepared a plan which has been con- 
structed with great care^ and whidi* I think* will set the 
matter at rest. 

The plan represents that portion of the conn^ of Water- 
ford extending from Ballyvoil Head in a western diiectifln^ 
along the valley of the Ballyvoil river to Gloundolgan, a di- 
stance of four miles, and southward from thence to Dungar- 
van. In this district we have the unconformable outgoing of 
the conglomerate of the Monavoullagh mountains, extending in 
an eastern direction without interruption to the coast at Bally- 
voil Head. Now Mr. Weaver states f in his paper, "that 
there is no apparent connexion whatever between the horizon- 
tal sandstone and conglomerate of the Monavoullash range 
and those beds of confflomerate and red slate of ue coast 
which continue eastward from Dungarvan in several separate 
discontinuous bands interstratified with the other transition 
rocks." In opposition to this opinion, 1 beg to state, that the 
alternating strata of red clayslate and conglomerate of the 
Monavoullagh escarpment, does extend uninterruptedly from 
Crotty's rock to the shore at Ballyvoil Head, where they rest 
equally in an unconformable position on the transition slate. 

• Sec Lend, niul Eil. Pliil. Mag. for March, 1840, p. 1/3. 
t See LouU. and Ed. Phil. Mag. fur April, 1840, p. S7i>. 
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The contact of the conglomerate with the tranntion slate is 
clearly visible at Island Hubbock, about a quarter of a mile 
north of Bally voil Head, and their nnconformability is un- 
questionable, as the conglomerate rests upon the upturned 
ends of the slate, and strongly adheres to them. In illustra- 
tion of this fact, I beg to refer to the section No. 1, which 
gives an accurate representation of the red slate and conglo- 
merate strata as they occur, resting unconrormably on the 
dark gray transition slati;, Ironi island Hubbo€k westwards* 
The succession is as follows : 

1.. Unconformable base composed of alternations of black- 



gray quarti&*rock, the blackish-gray clayslate greatly predomi- 
nating; dip of strata from 10^ to 80® east of nortby at angles 
varying from 60** to 75®. 

2. Alternations of reddish-gray and red conglomeratcy red- 
dish^ray compact sandstone, and dark-red slate» the conglo- 
merate predominating ; dip of strata about 35° west of souths 
at angles varying from 60"^ to 80°. The thickness of these 
alternating strata is about 300 feet. 

3. Dark reddish-gray clayslate, reddish-gray qnnrtz-iock, 
and saudstoaei the slate predominating: thicknes:> about 300 
feet. 

i. Dark red micaceous sandstone, and red clayaiate, with 
occasional beds of conglomerate, the sandstone predomina- 
ting; dip 35® west of south at angles varying from 60° to 85** : 
thickness about 750 feet. 

5. Dark-red slate, red quartz-rock and sandstone^ the slate 
predominating : thickness about 300 feet. 

6. ISrownisn-red quartzose rock, red clayslate, and yellow- 
ish-gray sandstone, the sandstones predominating: dip 20° 
west of soutli, on an average at an angle of 65^: thickness 
about fiOO feet. 

To the south of the yellowish-gray sandstone and red slate 
the strata are concealed Irom view by diluvial matter for a 
distance of about half a mile, beyond which alternations of 
daik-^ray carboniferous slate and limestone are visible, both 
of which contain abundance of fossils belonging to the carbo- 
niferous limestone series. 

I also give a section of the strata as they occnr, from the 
unconformable contact of the red slate and conglomerate with 
the transition slate at Gloundolgan, to the coast at Ballyna- 
courty in the harbour of Dungarvan, in w hicli the succession 
of the strata between the lower conglomeritic base, the yellow 
sHtul^tone, the carboniferous slate, and superincumbent car- 
boniierous limestone are clearly shown. 

Now if we compare these sections with tlmt origiqally 



ish gray and reddish 




clayslate with chloiiie slate and 
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publiifaod by me M atendiog lonlliwerd firom CroU/s rock in 
Ihe MoneToullflgh OKmiitBiiia to liamofff^ we find exadlj 
eeine raito interposed between tbe GOiwlooierata beee and the 
carbonileroQs Uinestone of tbe valley ofthe river Biednvater. 

It is tvae, tbal tbe distance between Crott/s rock and Lk- 
more^ is greater tben between GiounddgaQ and Knackiiai- 
granny, in section No« or between Ballyvcil Head and 
Ballyvoii bridge, in section No. I ; bat it will be obeervad 
by referring to the plan, that the conglomerate and red slate 
at the coast dip to the south at an angle of 70^ ; while at 
Glounti oilman, four miles west of Ballyvoil Head, they dip 
south at an angle of 4f5'^ ; further to the westward the tllp is 
south at an angle ot 15"; and as we a{>proRch the Mtnirmt of 
tbe Monavouliagh luountains at Crotty's rock, tlie strata ullcct 
a neai'ly horizontal position. Osving (o iliis ti renin fiance, 
though the section is cuni|)lele aL iiallyvuil ileaii in the hori- 
zontal distance of one mile and a halt^ yet between Ci utty's 
nwk and Lismcre tbe same suite occupies a horizontal di* 
stance of eighteen miles. 

Having stated these fiicts^ I tbink it nnneoessaxy to do 
more thiui observe tbat Mr. Weavei's aigument in pfoof of 
tbe tmpossability of the red slate and eoif{looienite at Crocks 
rock composuig a part of the same series with the red slate 
and congbiinerate of Ballyvoil Head, namely, the nearly hari" 
asatel pouium of the ooe^ and the highly inclined aogle of tbe 
strata of the others is untenable; and I confass'I am surprised 
at such an argument being ased» as every practical geolc|pst 
jnust be aware of its weakness. 

The northern part of Mr. Weaver's section between the 
Suire and the Biackwater cluus not take the same line as mine, 
as his crosses over tlio Knuckinildown mountains, and mine 
over the Monavouliagh range situated to the east ; but lu en- 
able me to test the accuracy of his section, 1 have made one 
nearly in the same line. (See section, No. ^J. in the plate.) If 
we compare ihii section wiUi Mr. \V ciivcr nothing can be 
more dissimilar. Mr. Weaver's section represents a base of 
graywacke slate* which supports onomlbrmably a cap of old 
red sandstone; but according to my se6tioo» it is evioent that 
e entire mountain ran^e belongs to the old red sanditonc 
seriee* Tiie anticlinal axis is esposed to view in the vaUey of 
the river Ownashad, at Gorri^nagourt three miles north of 
Lismofe : it consists of alternations of dark-red slate and dark- 
led qnartzose rock, the slate predominating. These strata 
are succeeded both on the north and south sides of tbe axis 
by beds of browajsb-ved quartz-rock, red sandstone and red 
clay slate, occasionally associated with fine-grained C(Higlome-- 
rate^ a Uiin bed cf wlucb appears at tbe snriace on the sonth 
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tide ofthe axis at Shrugb, and on the north side at Crooked 
Bridge on the road from Lismore to Clogheen. In the lower 

Cart of this series the ouartz-rock and sand&tone predominate, 
nt in the upper part the red clayslate is the prevailing rock. 

Descending the hill on the north side towards Ciogheen, 
and on the south towards Lismore, we find tiie last-mentioned 
rocks succeeded by alternaLioiis of gray sandstone and red 
clayslate, beyond which we have the limestone series alter- 
nating in the commencement with dark-gray clnyslate. There 
is uiuch diiuviai iiuiUer at the base of the declivity on the 
north side, and in consequence the yellow sandstone with ca- 
lamites is not visible there; although to the north of Lismore, 
at Reaf, and m other parts of both valleys, it may be obierved 
associated with the dark-gray slate, which alternates with the 
lower beds of the carbonuerous limestone. 

If we compare the succession of rocks which form the stra- 
tification of the Knockmiklown mountains, as above described, 
with those that occur nt Ballyvoil Head and Gloundolgan, it 
would appear tlint the lowest visible rocks of the Knock- 
mildown range belong to the upper part of the old retl sand- 
stone suite, which will account for the absence of the thick 
beds of coiiglomerate which abound in the lower pai i of the 
series in the MonavouUagh range, as at Crotty's rock, Gloun- 
dolgan and Ballyvoil Head. 

In my paper printed in the Journal of the Geological So« 
ciety of Dublin*, I have entered so fully into my reasons for 
considering that the limestones ofthe viuleys of tbeSuireytbe 
Blackwater, the Bride, the Lee, &c., 006tt|iy the same geolo* 
gical position, both by the order of succession of the strata 
and l)y fossils, that I do not think it necessary to discuss the 
sul)jccta second timt^; and conceiving that I have shown that 
the red slates and conglomerates which overlie the conglo- 
meritic base at Crotty's rock, at Gloimdolfjan, and at Bally- 
voil Head, occupy tlie entire space between the dark-giay 
transition slate and the carboniferous limestone, I think I have 
substantiated my case, and shown that the strata situated to the 
south of the unconformable junction with the tranntion slate 
of the county of Waterford, do belong to a newer smes, to 
which, for reasons already given, I have applied the name of 
old red sandstone in my large geological ma)>, and in the 
papers referable to it. 1 shall, however, re})ly to one state- 
ment of Mr. Weaver's in regard to the stratification of the 
ridge interposed between the valley of the river Blackwater 
and the Bride, w!]ich, he observest* "are said by Mr. Grif- 
fith to partake of a similar composition to that of the northern 

* Sec vo!. ii, pnrt I. 

t Seo Load, and £d. Phii. Mag. for April, 1840, j). :^26. 
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side of the Blackwater near Lismore, Sic, rormins in the 
centre of the ridge an anticlioal axis." He further observes. 
The anticlinal axis I have not seen^ the dip which I observed 
being throughout to the south" &c. 

Now I nuist assert that the anticlinal axis does exists and is 
clearly visible in the section of tlie strata of this ridge, which 
is exposed to view on the west bank of the river Blackwater, 
which in this loCcility takes a southern course, and cuts through 
the ridge between Killahally, opposite to Druuiaiia Castle oil 
the north, and Camphire on the south, as may be clearly 
seen by reference to my large geological map. The anti- 
clinal aids is visible nearly in the centre between Camphire 
and Killahally, the strata at the axis and on cither side con- 
sisting of alternations of red quartzose rock and red dayslate, 
which are succeeded both on the north and south by alterna- 
tions of gray quartz-rock and red slate, those to the north 
dipping north at angles varying from GO^ to fi.')-, and those 
to the south dipping at angles varying from 35^ to 4-0°. 
These strata hre succeeded on the south side by yellow sand- 
stone containing cahiinites, and lastly, by alternations of lime- 
stone and black clayslate. On the north bitic the yellow 
sandstone is not visible, owing to a covering of diluvial matter, 
but the limestone alternating with black clayslate is visible 
immediately to the north of Killahally, dipping to the north 
at an angle of 60°; consequently, there can be no doubt of the 
identic of the limestone of the valley of the river 131ack\s uIli 
at Lismore, and thence to Dnngarvan^ with that of the Bride 
at Tallow, Camphire, &c. 

It is to be observed, that the limestone of the valley of the 
Blackwnter immediately to the south of Lismore, as repre- 
sented in lay section, published in the JU^urnal of the Geolo- 
gical Society of Dublin, dips to the south at a very hic^h nnijle ; 
but fortunately this is not universalljj the case, as at Killaiially, 
three miles south-east of Lismore, the strata, as above-stated, 
dip to the north, which In regard to the trough-shape of the 
limestone, proves by observation what I had previously ^u\>^ 
posed to be the case by induction. 

In like manner I am prejiared to follow my section in de- 
tail from the valley of the Bride to the soutli coast at Cork 
Head, and to show that at each point the strata do acttMllj/ 
dip in the direction exhibited on the section ; but 1 must 
remark in reference to the section published in the Journal of 
the Geological Society of Dublin, that in one point, namely, 
on the west side of Cork harbour, the lithographer has re- 
presented the bcils of tiie carboniferous limi si(;iie as abutting 
against the subjacent carboniferous slate, while iu the original 
drawing, us in nature, they are conformable. 
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I shall DOW make a few remarks with regard to Mr. Wea-> 

ver*s section as compared with my own, and particnlnrly with 
reference to the positioaof the limestone of the several troughs 
in which it occurs. 

We agree with respect to the limestone of the valleys of the 
Suiie and the Blackwater, both considering it to be carboni- 
ferous ; but what are the geological circumstances under 
which these limestones occur ? They both rest conformably 
on the red slate and conglomerate seriesy which Jn the valley 
of the Snire Mr, Weaver calls M red sandUonet but in the 
valley of the Blackwater transition slate. In respect to the 
latter, I have shown that he is mistaken by means of my orl* 
ginal section, and the sections from Ballyvoil Head and Gioun- 
dolgan ; but Mr. Weaver in his section exhibits the carboni- 
ferous limestone of the Blackwater at Lismo7'e in the form of 
a tronc^h, the north side dipping to the soutii, and the south 
side to tlio north, which is not tlie fact; as in that locality, as 
already mentioned, tlie carbonilci ous strata dip to the soutli 
on both sides of the valley, on tlie north side at an angle of 
30% and on the south at an angle of about GO^. 

If Mr. Weaver had carefully examined the dips of the 
strata, he must have observed this fact; and, following the 
prmciple he has adopted in other places, he should have in- 
cluded this limestone in his transition suite; but knowing 
this was not the fact, from its connexion with the great lime- 
stone field of Ireland, he has represented this rock at Lismore 
as a trough having reverse dips on the opposite sides of the 
valley. 

We next come to tlie limestone of the valley of the Rride 
at Tuliow, which Mr. Weaver in his section truly represents 
as a trough having dips in opposite directions ; but this lime- 
stone, tiiough undoubtedly the suiue in geological position, in 
lithological character, and in fossils, as the limestone of the 
Blackwater, he makes transition, though from its position and 
true trough shape, he must have considered it to rest on Uie 
ton of the red slate series which lie beneath it on the north 
side of the valley dipping to the south, and on the south side 
to the north* 

I shall now make a few observations respecting the exten- 
sive district represented by me as carboniferous slate, which 
occupies ilie gi'eater portion of the south of the county of 
Cork, and which Mr. Weaver has included in his transition 
district. In geological position it rests upon the red slate and 
conglomerate series; near its commencement it is usually in- 
terstratified with £>iav or ycliowish-gray sandstone antl iuena- 
ceous slate, whicn trequently contain calamites, and in some 
cases, as at the Old Head of Kinsale^ where the strata are 
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unusually compact, the sandstone passes into quartz-rock, but 
it still exiiibits the calamites. | 
In many localities the carboniferous slate includes beds of , 
limestone, which, together with the slate, contains fossils simi- 
lar to those which occur in the lower beds of the carboniferous i 
limestone. This is the case at Blackball Head^, on the < 
north-western extremity of Bantry bay; also at Brickeen island, 
near Killarney; atKenmaref; at Clonea Castle on the coast 
of the county of Waterford, south-west of Bally voil Head ; at 
Goat island in Ardmore bay on the same coast; at Kilna- 
mack, near Knocklofty bridge; on the south side of the valley 
' of the Suire above Clonmel, and many other localities. 



The following are a few of the fossils which occur in the beds 
of carboniferous slate which are interstratified with the 
limestone at the following different localities : 



FowUk wlikh ha%'c boon (1i<fovprpd In the rartjonifcrou* slate 
beneath and iiiterstratiAc?d witli the adinittcd carbottifcrouj 
lixncftone at the undcrtncnUoncd lucalitict. 


Fo««ila whirli have been discovered 
in the carttoniferoua tlate beneath 
and interstratified with the lime, 
aloae of Killarney and Cork ilar. 
bc>ur, »upix>«cd by Mr. Weaver to 
belong to the tranaiUon lerim. 


Baltinacourty, 
Dungarvan Bay. 


Clonea Cattle, 
Dunganan. 


Kilnamark, near 
KnocklnnrKridge, 
valley of tJ«e Suirc. 


East of Brickeen 
Bridge, near Kil- 
larney. 


Below the Cork lime- 
stone at Rennlskid. 
dy, Shanbally, and 
Killingly. 












Ketcpora tcnuinia 




• •••■••••••••a 


• • M •••••• ■••••••»« •••••••• 




Rrt. incmhranaeca. 'Ret. inctnbranacea 


• ••••«••*••••*•■•••• 

Turb. Aingiten..... 

I>roducta lobata ... 
P. depreua ....... 

■ ■«••••••••••••«••«•«•••••• 

• ••*•*•••••>«•••••»»••••••• 

• •••••••••••••««••••••••••• 


Ret. membmnacfa. . . 


«••«•••••••••••••••••••••••••••••«•« 

• •••••••»•«••• •••«••••••••■ 

• ••••••• •••««••••••■•••*«• •••••••••• 

• 

• •■•••■•■■■•«•••«••••«•••• 

• ••••••••••«••••••••»•«•••*••»«••••• 

■ • •••••••«•••■•••••••••••■••• 

• •••••••••••••••••••■•••«■•••»•••••• 


.Mnploxu* S<iwerl)U ... 
Prudurtn loltata 

P. tcabricula 

P. aurita 

P. martini 

Ixpto^na Uta 

Splrifera attenuata. 

Sp. bUulcata.... 

Sp, lineata.. 

Sp. mupinata .......... 

S{>. glabra ................ 


P. ilepretM ....... 

• ••••»•»••■••*»«•••••••*••■ 

• •*«»•••*•••••••••••*•••••■ 

• ••«•••••••••••«••«••■•»••• 

■ •■••»•••••*•••••••••«••««• 


• ••«•••■•«••«• •■••••«••••••••• 

P. depressa ......... 

P. aurita ........... 

• •••••••MS »••••• 

Leptana lata, (Sow.) 

Sp. attenuata ....... 


Sp. bUulcata... 

*••••••••••••••«••«•••••••• 

• ••••*••«••••••••»•••«•••■• 

• ■••••••■•■•••••••«• ••••••• 


Spirifera bisulcata. 

• ••«••«•••• 

• «!••••«•*••*•••••••••« M 

• ••••«**M •••••« •••#••«»••« 


8p. buulcata..»...... 

S[>. lineata........... 

Sp. mupinata ....... 


• ••«••■•»■••«••«■■•••••■■■■•«•«■»••( 






Sp. crenlstria ....... 












Sp. fillaria........... 






























• •••••«• ••••••HI 

Plaarorttpichn* dangatiu 

PI, tninax 


..*.......•................ 

1... ......•..■............*. ..... 

Nucula tumida 


• ••••••••*• M M • • 




9p. cuspidata 

• ••«■•■•••• 

• •*•••«•••••••••«••••••«•••■■• 

«•••••«••••••••••*•«■•••*••■■* 




Aiuiphuf geininulifcruii 






At. gcmmuUfenu ... 


:::::::::::::::::::::::::::: 





























* In the (larkogray clayslate of Blackball Head I found Spirifer semicir' 
cularUf Phillips. 

t Retepora membranacea occurs in the carboniferous slate at Roughly i 
bridge above Kcumare, where it rests conformitbly on yellow sandstone con- 
taining calamites. 

I 
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IbImIIimoU adwt toMr. WmWi obsermtSons refpectiDg 
IDT MOtm which extends from Bnoidon bay, at the extmiitj 
or the peninsula of Dingle in the ootmty of Kerry, in an east* 
ern direetion across the Cefairconree or Siieve Meesh mnge 
of mountains, tbence traversing the limestone valley of Castle 
island, and terminating in the great millstone grit ofMiinster*. 

Of this section, Mr. Weaver observe^. " That tlic yuirtion 
which more immediately chiims fittenlion, is tliat which ex- 
tends from the siminiit of the old red sandstone ot the Siieve 
Meesh ranf^e, to the carboniferous limestone of Castle island. 
The former is representeil as constitutujg nearly a cap or 
sheet, formed on an inclined plane, from west to east, the 
stiaia correspuiitling and succeeding each other in that di- 
rection to the junction with the carboniferous limestone.'' 
Mr. Weaver further obeervei^ that ho knows of no siiah 
arrangement; on the contrary, the strata of the old red sand- 
stone are aconmnlated to a great depth, and oertamly, hi some 
quarters* at least to the level of the sea, heing disposed in a 
gently arched form from north to soath«" 

In the latter observation Mr. Weaver is perfectly correct 9 
in feet, the Siieve Meesh or Cahirconrec range may be com- 
pared to a semicone, having its base to the west and apex 
to the east ; the western base {iresents a precipitous escarp- 
ment, the lower region of which is occupied by }iif,^hlv-ui- 
clined strata, consisting of dark gray clayslate, wliich on the 
outer ctlgos alternates witii purple clayslate; the nearly up- 
right entis of these strata are covered by a series of uncon- 
forniable beds of compact red sandstone and red conjxlomernte, 
aUci iialhig with coarse red slale ; lieai ihe suiiiuiil, these 
strata present a nearly horizontal arrangement, in a uorih 
and south direction, but they dip io Hut eastward at a mode^ 
rate angle* On approadiing the declivities of the cone^ both 
to the north and south, the conglomerate strata dip rapidly^ 
on the one side, towards Tralee bay, and on the other, towards 
the bay of Castlemaine. From the summit, the eastern dip is 
continued towards the apes of the cone at Currens ; hot the 
lower bed, which rests on the ends of the transition slale^ 
does not continue to form the surface, but dipping more ra- 
pidly tn the eastward than the ridge of the hill, it is succeeded 
by a luiinber of beds of conglomerates and coarse slate, each 
cropping out to the westward. At the rnstrr!i extremity of 
the range, or the n])LX of the cone, the upper portion of the 
red slate and conglomerate series is succeeded in a conform- 
able position by beds of fine-grainetl yeliowisli-gray sandstone 

* See Joanial of the Qeologlcal 8ode^ of DttMio, vol, ii^ psrt 1, 
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of the carbonifefous series* some of which oontftm cahmites 

and many obscare casts of bivalves, one of which was named 
by Mr. Sowerby as Ha^ Aotada modiolaris*. The upper 
l)eds of the sandstone alternate with a dark-gray, and occa- 
sionally blueish-gray quartzose-rock, and they are succeeded 

by dark-gray clayslate, alternating with carboniferous lime- 
stone. These strata, at Rivcrsville quarry, which I have 
lately visited, dip to the east at an angle of 15*^. It wns here 
that Mr. Weaver could discover traces only of the graywacke 
formation; now the upper part of the quan y just ineaLioned 
contains thin beds of carboniferous limestone; and ini me- 
diately to the south and east we have lar^e quarries of that 
rock partaking of the same strike and dip as the schistose 
beds beneath it, which rest conformably on the strata belong* 
ing to the old red sandstone aeries of the Slieve Meesh range. 
How Mr. Weaver can consider beds In snch a situation to 
belong to the transition series, I cannot understand ; for, as to 
his idea of there being a protrusion f of graywacke Irom be* 
neath the old red sandstone, it cannot ne sustained, there 
being no reverse dip ; on the coritrarv, the yellow sandstone 
and dark-gray slate rest conformabiy on the old red slate, 
and arc succeeded by strata of limestone having the same 
strike and dip$. 

In regard to fossils in the yellow sniKUtone and carbonife- 
rous slate of this locality, as 1 mentioued lu my paper which 
has been quoted by Mr, Weaver, they contain numerous im- 
perfect casts of Produda^ Spirifera^ Terehrahtkh Crinmdea^ 
and Betepora\ bnt though I lately sought, with much care, I 
did not discover any varieties of Orthis or Favorites^ suppoMd 
by Mr. Weaver to occur there. 

The foregoing description of the structure of the Cahir- 
Gonree, or Slieve Meesh range, is similar to that contained in 
my paper just alluded to, which lias been verified by recent 
observations ; but as Mr. Weaver was not convinced of the 
inncciir icy of his views respect in<r tlie carboniferous slate at 
the easiLrn base of the Slievc Meesh range, which, notwith- 
standing my section and ciescri|)tif)n, he still considered to 
belong to the graywdcke series, 1 <io not expect that what I 
now repeat willhave the eilect of ciianging his opinion. But 
it should be observed, thnt this carboniferous slate, which un- 

• Journnl rif the Geological Society of Dublin, vol, ii., part I* 

t Sec Lend, and Ed. Phil. Mai;, for April, n. 291. 

% In my section already alluded to, the lithographer did not make an 
accumte copy of the original, and has made the limettone f tnta to rest en- 
cunformnbly upon thc cwbooiferouf daCOy while in nature thcie iinttaare 
conformable* 
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derlifis and alternates with the undoubted carboniferous lime- 
stone of the Talley of Castle island^ is predaely similar to 
the carboniferous slate which underlies and is interstratilied 
with the lower beds of the carboniferous limestone at Clones 
Castle, on the east coast of Waterford, near Dungarvan; 
it is likewise similar to the rock wliicli alternates with the 
limestone of Cork harbour, of Killarney, of Kcnmare, and of 
many other localities in the south of Ireland ; con^jerjiicntly, 
as Mr. Weaver persists in the opinion that the liniesloue 
of Cork harbour, of Killarney, of Kenmare, &C.9 belongs 
to the transition series, it would be fatal to his ailment 
to class the carboniferous slate of Clonea Castle^ or of 
CurreiiSy with the carboniferous limestone series. But I 
will observe, that in the localities just mentioned, iieds of 
undoubted carboniferous limestone alternate with slate, pre* 
cisely similar in fossils, as well as in lithologtcai character, to 
that of Cork harbour, &c. 

I do not think it necessary to pursue this argument further 
than to observe, that in Liideavouring to form a distinction 
between the admitted carboniferous limestone of the valley of 
the liver Laune, and that of Kiilarney, and also between the 
admitted carboniferous limestone of the valley of the Black- 
water, below Mallow, and that westward of Clonmeen Castle 
in the same valley, Mr. Weaver has involved himself in an 
untenable dilemma. There is no difference in geolo|;ical 
position, in mineral character, or in fossils, between the lune- 
stone of Kiilarney, and that of the vallev of the Laune between 
Beaufort bridge and Killorglin, which are all contained in 
the snme valley, nnd all repose on the same base; and a 
similar statement may be made in regard to tlie limestone of 
the valley of the river Blackwater, above Cionmeen Castle, 
and that at and below Mallow; yet Mr. Weaver considers 
the limestone of Kilhirney and that above Clonmeen Castle 
to be tianaiiion, and that below IScauluil bridge and Mallow 
to be carboniferous. 

After what has been said, I hardljr think it necessary to 
reply to the observations contained m the postscript to Mr. 
Weavei^s paper*, in which he endeavours to show that I am 
incorrect in considering the conglomerate and red sandstone 
of the Gap of Dunloe, and that to the soudi of the Lower 
Lake of Kiilarney generally, as identical with the red sand- 
stone, the conglomerate and red shite of the Cahirconree or 
Siieve Meesh range. 

* Published in tlie Philosophical Maganae for June last. [L. andB. 

Phil. Mag. vol. xvi. p. 471.1 

Fhil. Mag. S. 3. Vol. 17. No» 109. Sept. 1840« N 
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It should be observed, that the red conglomerates and red 
slates of the district of Killarney are situated on the south side 
of the carboniferous limestone valley of Castlemaine, while 
those of Cahircom xe are on the 7U)rt/i side; that the upper 
beds of both graduate into the carboniferous llinestone series, 
at Currens on the north side, and at Brickeen island in the 
Lower Lake of Killuniey on the south side of the valley. The 
unconforniability ofthe conglomerate beds with the transition 
series on Gahimiiiree» snd their oonforaialnlit^r on McGilb- 
cadd/s Reeks, the Purple Mountain, &c., is no proof that 
the rocks are not identical, as, in England, the eld red sand- 
stone gradnates both into the Silurian and moontain limestone 
series. 

In respect (o the fault described by me, the occnrrence of 
which is donhfed by Mr. Weaver, 1 shall observe, that it is 
clearly visible ai the Gap of Duuloe and at Brickeen island ; 
and I will assert, that the positions of the old red sandstone 
strata on one sitle, and the chloritic rocks on the other, in 
both those places, are as clearly indicative of a fault as any I 
have ever seen. On the west side of the Gap of Dunloe, we 
have a perpendicular cliff upwards of SOO feet in h^ht, 
which is traversed by a nearly upright cot or crack about 90 
feet in breadth. On the south side of this cut we find strata 
of dark-green chloritic quarts^rock dipping to the south at 
an angle of 80% while the strata on the north side dip to the 
west at an angle of 10% and are composed of rather fine- 
grained conglomerate and a red qiiartzose-rock or compact 
sandstone identical with that which lies beneath the red con- 
glomerate of Cahirconree. I am of opinion that these ap- 
pearances do prove that there has been a fault. 

Figure No. 4 in the plate is an accurate representation of 
the fault as above described. 

Similar observatkma are applicable to the appearances at 
Brickeen island. There also^ the strata on the south side 
of the fault consist of green chloritic rock^ having rather a 
sla^ structure, which dip to the south ; while on the north 
mdtf we have in Sttcoesrion, red quartzose'sandstonc and red 
slate, red limestone, and yellowish-green slate containing 
calamites, abutting obliqoeiy against the chloritic rock on 
the north side. 

Towards the conclusion ofiiis paper, Mr. Weaver observes, 
" Proceeding now to the Din^'le pcjiinsula, the succession 
given also by Mr. Griffith from norl/t (o wuth, namely, from 
Brandon bay to l oylaturrive, is as lollows: 1st, dark gray 
clayslate," &c. The above sentence is a misquotation from 
my paper. My words are^ If we make a section across the 
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Ohigle poniiiiula, Irom Foylatarrive <m the MOfil to Bnmdon 
baj on tlM Huffily W6 find tlHit the ttrttA emist of n bate of 
dark blMklsb^ray dayslate," 8tc Now by roforsing the- 
pointtt Mr* wiemr has nude tbe dark gray clayslate to 
occur on tbe north side of the peninsula, namely, at Brandon 
bay, while it really occurs on the south : the misquotation was 
doubtless unintentional, but as Mr. Weatei^s afgament was 
founded on this misconception, it is unnecessary to reply to it. 

In concluding my observations, I cannot avoid expressing 
my rci^nLt that Mr. Weaver was not present eitlier at the 
meeting of the Bririsli Associntion at Newcastle, or at the 
Geological Society of London, when I communicated my 
views relative to tiie geological structure of the south of 
Ireland ; iui , viva voce discussion tends more to clear up geo- 
Icurical difiercnces than lengtliened written descriptions ; and 
where both parties are in search of truth there is little diffi- 
culty in attaming it. 

Dublin, July 8, 1840. 



XXVX. Memoir mi the Law oj Substiiulions, and the Theory 
qf Chemical Ttfpes. M. Dumas. 

[Gootiniied flom tol. zvi. p. 50^*, and eoncloM.] 

Orfranic Jladicals, 

"CHDR some years organic chemistry has so frequently used 
what we call orirfrfiir rafUcah^ that it will appear sin- 
gular to see, if not their existence, at least the reality of the 
abx^lute tunction which they have be^n made lo^piay, here put 
in doubt. 

We know that by the term organic radicals we mean tode- 
sl^ate certain compound bodies which might fulfil theirlvn^ 
thrns in the manner of sfmple bodies, and which might enter, 
as they do^ and ib1]owfaigtnefamelaw% into oombmSkion with 
the varioQs bodies of natnra. 

If by organic radicais» bodies analogous to cyanogen, to 
anidc^n, to t fie oxalic or benzoic radical be intendedf tliiete 
is no doubt that there, in fact, compound liodies perl br w 
the function of simple bodies, like those analogous to them 
in mineral chemistry, the oxide of carbouy sulphuric add) the 
binoxide of azote, and nitrous vapour. 

But i! In* t!ic term organic radirnls- vc mii^t, ns M. Berzelius 
wishes, designate certnin tnv:uial')li^ L'oiii[)aunils which would 
fulfil the function ot the nietais, ilie tlieory of types, while ad* 
mitting their concurrence^ cannot allow their permanency* 

N2 
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Thus to fix our ideas, in the theoiy of types the esBence tt 
bitter almonds is a tjrpe in which we can substitute for an equi« 

valent of hydrogen an equivalent of chlorine, of bromine, of 
iodit^e, of uxygeuy or of amidogen^ without the type being 
alteredt 

O 

s 

Az«H^ 

But whilst admitting that an element might be substituted 
for the system C*^ H^" the theory of types does not con- 
sider it as an invariable group. It believes that hydrogen 
may be taken from that group, tliat chlorine may take its 
place, or that it may be made to undergo every other modifi- 
cation without its fundamental liaUue being altered by it. 

In a word, by a reciprocity easy to foresee, and which to 
feoeive all its developinent would require a detail of formulfle 
which I cannot enter upon here, we arrive at the conclusioDy 
that In the same manner that it is possible in an organic com* 
pound to substitute sulphuric aad« which fulfils the same 
function for hydrogen, so we may in certain organic matters 
substitute a simple body for a group of molecules repcesentiDg 
a compound body. 

To say that nitrous vapour takes tlie place of hydrogen in 
niuobenzine, is the same as if we said that in asther potassium 
may take the place of a:thyle. 

But we inu^i iiui conclude from this that lethyle is a perma* 
nent, immutable (immuable)^ unchangeable compound, for ex« 
perience proves tlie contrary. Only by losing some hydrogen 
and gaining chlorine evervthinff leads us to suppose that it 
preserves its character^ as does the setheTi of whicn it makes a 
part 

But I admit that in a given type there are certain compound 
groups for which simple bodies may be substituted, and which 

in so far would deserve the name of radicals. They fulfil the 
same function ns aininonitim, which takes the place of tlie po- 
tassium in alum, for example. 

Thus I cannot consider these groups as immutable bodies, 
for experience has pronounced the contrary, and every theory 
which would absolutely rest on this basis would go too far. 

Amongst the researches which contribute the most to mo* 



Digitized by Google 



and the Theory of Chemical Ti/pes : Nomenclalurc, 181 

dify the opinioii on the function of ihe omoic radicals, we 
should cite in the first place the important o^nrations of M« 
Laurent on the essence of bitter almonds, and those not less 
remarkable of M. Piria on the hydrurct of sallcyle*. To re- 
sume ; nothing liiiidiTs me from retaining the nnme of organic 
radicals for certain molecular groups capable of heinij; substi- 
tuted for elementary bodies which may recinrocaii^ be sub- 
stituted for them, but these groups may in their turn be mo- 
dified by substitution, like the other bodies which do not per- 
form this luiu'tiun. 

I had a memoir of M. Gehrardt put into my hands, but 
too late for me to make use of it in the present notice, in which 
these qoestione are examined in a manner which appeared to 
me very worthy the attention of chemiati. 

Nomfndaiure. — Amoofusi the queaticmt which are praented 
to ns aa being the immediate consequence of the point of view 
which we have just set forth, there is one which deserves par- 
ticular attentions it has relation to the principle itself of our 
chemical nomenclature, and to the modifications which the 
progress of the science has led us to make it under^. 

At the memorable period when the French Academicians, 
under the influence oi the immortal discoveries of Lavoisier, 
conceived niifl unfolded the project of n reform iii the old che- 
mical nomenclature, lliey grouiuled i hern selves upon ti)c view 
wliich Lavoisier himselt had ju^i cstabiished, that is, upon the 
existence of those undecomposed substances which were recog- 
nized as the material elements of all bodies. 

Seeing that by the aiil oi these elements all ihe bodies of 
natin e could be produced, that in associating them two and 
two binary bodies were formed, that in combining these one 
with another salts were produced^ and that in combmiog these 
scdts in their tnm double salts were obtained} the nomenda- 
ture had to follow the philosophical principle in all its deve- 
lopments. It required that the names of the elements should 
be set forth in those of the binary compounds, that tbe^ should 
reappear in the names of simple siut% in those of double 
salts, &c. 

What strikes us in the chemistry of I^tvoisier, mA in the 

nomenclature which was the consequence and the expression 
of it, is the antagonism of the elements which combine to form 
the binary compounds; it is the antagonism of the ncids and 
of the bases which combine to form salts; it is the antagonism 
of the salts which combine to form double saltsi &c, 

• £See Lood« auU Kdinb. Phil. 1%., toU xvL p. %10, 21 1.] 
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The cliemistry of Lavoisier and its nomenclature sec med 
then tohaveforii^ccii and prepared the electro-chemical theory, 
which has had nuduiig ebe to do than u> call one of these an- 
tagonist bodies the positive element, and die other the nega- 
tive element. 

But let us not lose sight of the great discovery of Lavoisier ; 
il is the discovery of too olementa» This if the fiuicbmeDtel 
prindiilo by which he revived chemistry end necnral phitoso* 
pb{* Not a truth of this order is disoovered wttlioiitleaTh^ 
Its impress on all our thoughts ; and for the same reason that 
Lavoisier had established mat all the bodies of nature mMt 
be formed by means of some elements, be would be led lo de* 
fine the compound bodies by the elements which compose tfaem^ 
and there, in fact, is the principle that our nomenclature has 

appropriated. 

Now uQi only is the nomenclature of Lavoisier no longer 
sufBcient for us, but it expresses a system of ideas quite con* 
trary to that which we seek to cause to prevail. 

Tt is no longer sufficient for us, because in organic che- 
iiiisuy iliou^aiids of combinations are produced with tliict; 
or four elements, and consequently tho&e could not lend 
ihemselves to name all the compounds which result from 
them. 

It Is positively contrary to the sjfstem of ideas explained 
above!» in thisy that it derives the notion of the bodies from the 
nature of its dements whilst the latter have only what may be 
called a secondary interest in the classification. 

Each type must have a name, end this name should be 
found in the numerous modifications which it may undergo^ 
so that it should never dissppear so k^g as the Qrpe itself is 
not destroyed. 

It is on this principle that 1 have already formed the follow- 
ing names : acetic acid and chloracrtic acid^ (Vther and chlor^ 
atheti oLeJiant gas and chLuruUjiani gas \ name?^, the object of 
which is to set forth, as may be seen, the periiiauency of the 
types, nuiwidiatanding the intervention of chlorine in die com- 
pounds. 

The theory of types views these bodies In some degree as 
wfUfimi^ihi9im$mQM^ It would 

have the nomenclature always recal thinr fundamental moleou- 
bur arranipement, and that it should be put in the first lin% 

>li€ " " ' 



whilst the nomenclature of Lavoisier ajq^lies itself to the 
terial» brings out the nature of i^ and phuses thie notkui 
first. 

The theory of types tdls you» here is alum of chn 
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the nomenclulure ul Lavoisier bees in it sulphate oi potasaa 
and of chromium under the form of alum. 

Alum is ft tjpe ; all the alnias are cast in tba lame mould ; 
thair form ia wnat the theory of types would set forth eipe- 
cially; that which essentially defines each of them. It acts 
aa an 4urtist9 who in aeeing uie statues oonnsting of diflR^rent 
materials cast fi oiii ilie same mould, will say to you, Hera 
is the Venus of Milo in brass, in leadi in plaster." The art- 
istic type strikes him before he dreams of the material^ and he 
will never think of saying that he is about to show yon brasSf 
plaster, or bronze in the form oftfre Venus of Milo. 

An entire reform of the organic iiomenclHtiirc nntl of b-oino 
parts of the mineral nomenclature^ appears to then» both 
urgent and jjos^ible. 

J^leciro-chemicui f^i( on/.^We jvisl now saw liow the princi- 
ple of dualism, introduced by tlie eheiiiibUy of Lavoisier in 
the definition of every chemical combination, was favourable 
to tlie eonoepdon of wnatis called the electro»cheniiad theory. 
We haf e also understood how the thcoij of moleeuhir tyjies 
awerfia firom this order of ideas^ for it docs not suppose two 
antagonist elements present in the bodies, acting as wotdd two 
masses endowed with different eIectricitiM»and neld in combl- 
nationa by the mutual action of theae two electricities. 

Does a chemical combination constitute a simple edifice or 
a double monument ? this is the question. In the theory of 
types, the formulae combine, and are written without attending 
to the rechiction [dedoubler] of each hoily into two others. In 
the electi o-chemical theory they combine, and are writtm in 
such a manner as always to paint to tlie mind these two prin« 
cipal divisions of the ethlicc whicii iliey represent. 

This is the manner in whicli the theoiy of types has been 
driven to separate itbeif hour the electro-chemical theoiy, or 
rather that in which this latter has been led to combat the 
other from its first appearance. The questioUi however, is 
4£iven In the dearest way m the following letter from M. de la 
nive. The skilful Genevese philosoiiher, whose name will alp 
ways be united with the history of efectro^chemistry, wrote to 
me on the 95th of October last (1889) 

*^ I have read your researches on smsUiutions with veiygreat 
interest. They interested me the more as I have been occu- 
pied for more than a year upon a rather large work on the 
electro-chemical theories. I dure not, 1 must confess, as fir 
asyoti ; and witliout beUeving in the theory of Berzehus such 
as ho hai presented it, yet I cannot help thinking that there 
is something weli-lbuuded in the table of the relative chemicai 
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powers of bodies. Now, ihnl hydrogen can perrorm thefilBO* 
lioti (Tf clilorine (exactly, is what I can liardly admit. 

Allow me to ask you if chemists are not rather easy {faciit) 
when they group their s\ mbols in every way. There \s in this 
facility ot permutation sonu ihing which does not cuinpletely 
satisfy us physicists, and which appears tu leiiil lUclf rnther too 
complacently to all combinations. Is there not someUiing ar- 
bitrary in the maimer in which chemists make these choices? 
To attack the electro-chemical theory you eroup your ftnnaUB 
ui a certain manner; unmedtatdy to defend thia theory M* 
Berzelius mops them in another manner i where is tlie hm 
of nature 

I shall be pardoned for quoting thia letter ; tt depidB the 
opinions of philosophers upon questions stiU new to many 
minds, and in all cases very obscure to those persons who have 

not followed them step by step in their development. 

Those who hnve taken a part in the experimental researclies 
of wliich we are speaking, know well that the elecu o-chemical 
theory guided my first studies, that I professed and admitted 
it for a long time on the laitli of its inventors. They also knowy 

• [It is proper to add here, thnt M. dc la Rive, in the Bibliotheque UnU 
verscUc for Fehrnarv 1840, p. 193, after reciting the passage extracted from 
his letter by M. Dumas, as above, makes the following remarks on the Mib* 
jecfc of it and the comments efM« Dnnnt:--* 

'* In writing these line« to M. Dumas, I sought, as he himself remarked, 
to satisfy myself concerning a question which becomes c\'cry day morr ob- 
scure. On the one band, we cannoi help recogmzing that in organic 
chonistry, especially the oectiO^heBiieil thaory, or nober tb« dMOristr^ 
which connects the devdofuneot of electricitf nith the olay of the affiofri 
tics with which it is always accompanied, has on its siiie powerful argu- 
ments, even when we do not admit on this point all the views of M. Ber- 
zelius. On the other band, there are certtdoly MNne phanHMODena, espe- 
cially in orjganic chemistry. In windi tlm fon ctfaiii of the nme demmHi in 
the formntinn of rompotmd-; seems to chnnire its nature in a innnner «o 
complete and so extraordinary, that wc cannot admit of their possessing a 
previous predisposition to conduct ihcniiiclves in such and such a chemiciJ 
naaner, or what comes to the same thing, an absolute electro-rhonical 
power. Would not the result of this seem to be thnt the electro-negative 
or electro positive properties (^o not previously exist in bodies? That 
they do not exist until the bodies are presented to each utiicr, and that 
ftom thtt time Inttead of bcioff oMirfr they are ivfalwr, that Is to say, 
depend for the same body on the relations which exi«t between 'm own 
nature and that of other bodies in the presence of which it is found? 
Hiis point of view can only be thoroughly examined by means of dir^t 
expenmentt. I ihall retam to it wfaao I mm fidUmd DnDginc togetimr 
■ mimber of facts sufficiently considerable for its justification, % ■§ I pve* 
8ume, I find it to be fonnf^cd. I ^hnll he ?Iad to try thus to reconcile, «t 
leatt in part, the function which M. Uerzcliu& attributes to electricity in 
the chemieal pbsnomcna with the tcrj remarkable Uws at which M. 
Damaa teemi to have arriwL"} 
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that it is the force of circumstances, that it is a clear and con- 
vincing txperience, the production of chloraceiic acid, wliich 
has leu me to admit that hydrogen and chlorine perform the 
same function in certain compounds. I constructed my for- 
mula according to pure chemical experience^ my mind being 
free and disenga<]red from every view of general theory. 

But to admit that chlorine may take the place of hydrogen 
and perform the same function, was to separate oneself from 
the chemists who would explain all the phenomena of com- 
binations by means of whnt is called the electro-chemical the- 
ory. I understood it thus, and J found it necessary to explain 
myself in a direct manner. Besides, how couhl we believe 
that this consequence would have escaped tlie penetration of 
M. Berzelius, when we see oil the value he attaches to giving 
an immediate explanation, accordin^j to tlie electro-chemical 
theory, of each of the facts which oaily enrich the theory of 
sabstitntionsy and when we are able to appreciate the high ta- 
lent be displays in the combination of tne ibrmulse which his 
theory requires? 

It was not neoemaiy to say to M. Berzelius, that in the views 
of electro-chemistrv the ;ta/«i*e of elementary particles should 
determine the fundamental properties of bodies, whilst in the 
theory of substitutions it is from the situation of these particles 
that the properties are especially derived. 

AVc liave, however, on this head decisive facts in the domain 
of mineral chemistry itself. Thus oxygen, sulphur, selenium, 
tellurium, chromimii, iron, manganese, magnesium, and hydro- 
gen constitute a series ot bodies capable ui taking each other's 
places, without the form or essential properties of the com- 
pounds being changed by it. Thus M. fienelius attributes 
to the nature of the elements the function {rSle) which I attri* 
bute to their position : this is the ground of our respective 
opinions : let us now come to the pomt where they separate in 
practice* 

Amongst the consequences of the electro-chemical theory, 
one of the most immediate consists in the necessity of viewing 
all chemical compounds as binary bodies. We must al- 
ways iind in each of them the positive particle and the nega- 
tive particle, or the whole of the particles to which these two 
functions are attributed. Never was view more capable of 
shackling the progress of organic chemistry. All the diOi- 
culties which we have felt for some years in the inquiry con- 
cerning the fundamental temulas of bodies, the discussions, 
the misconceptions, the enrors, spring from prepossessions 
which this view had given rise to in our minds* 
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Suine exa^les will make these two points of view easy of 
comprehension. 

Curbou can combine with oxygen, and thus form carbonic 
oxide and carbonic add. In its turn carbonic oxide combinas 
with chloiinei and produces tlie acid gat disoofeMd by Dr. 
John Davy. The etedro-dieniioal theory sbouUI see in tfab 
iast an acid chloride of oxide of eaibon. The theory of types 
views ity on the contrary, as carbonicacidt in which for half the 
oirmn ddorine is substituted. Tbos the bodies.CO% COCbf 
.Cop are modificatioos of the same typ^** 

Oxyi^cnated water is a type, and one of the neatest and best- 
defined {7i(Us) that chemistry possesses. Supply the place of 
the hydrogen by a metal, nnd von will have the binoxides of 
calcium, barium, strontiLiiii, and ia general the sii:iple {sift^U'- 
Hers) oxides. For these, substitute in its turn lor liall llic oxy- 
gen, chloruie, as is the case in chioro-carbonic acid, and you 
will produce the dccolorating chlorides. Thus oxygenated 
water, the aliuplc oxides and die decolorating chlorides, belong 
to the same type, to which must also be added the compounds 
which buModde of aide fomie with the allialiae osides, so, for 
example, tliat we may have the ftUowing seriaa: 

H O 

O 

BaO 

o 

CaO^ 
O 
CaO 

Ch 
CaO 
AaO>. 

These conpoonds of oxides and of chlorine have received 
all kinds of definitions in the dectro*chenilcal system. Chlo* 
rides of oxides, of cbloritet* of liy pocUoriteiy have bean made 
of them, as people were guided by the pretended necessity of 
always putting together in the fiNrmola cf a coraponnd ttro an* 
tMonist bodies, the positive and the negative. 

This is precieely the character of the difierenoes at the pre- 

* Here is what I said of f^osgene gas in lSiSS:~-" It is emy to see thai 
rliloro tnrlionic acid corresponds to carbonic acid itself. In fact, in all its 
com biiiationii one volume of chlorine takes the place of onehalf-vulumeof 
oxygen ; it b then m If Che* oxide of caibon bad been changed into add, 
by substituting for the haif-volnme of oxygen which it was necessary to 
add, a voiune (dtkkaum*''^^ mf TM^db OW^foLL p. 613. 
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sent lime between the eUctro-cbemicai school and the tcbooi 
of inulecular types. 

If acetic acid is deprived of all its hydi oL^^en, and chlorine 
substituted for th;it hydrogen, we say that acetic acid and 
chloracetic acitl possess the sauic iiioleculai arrangement, and 
that they should possess tlie same general actions so ion^ as 
tMr molectile is not deitroyed. Urged by the convenient 
principles} the elootro-chiiiiieal •ystsm, JML fienellaab mi tbe 
contrary, makat of cbloraoetic add a ieparafte body, in which 
he arra^^tts the elementi into two girnqpS) wiiidi lie suppoM 
to be combined with eaoh other. In his opinion the chlora* 
oatic aoid becomei a compound of onlie acid and chloride of 
carlxiii* a formula which is in no way justified, for chloracetic 
acid treated with potassa should give chloride of potassium and 
oxalate of potassa, whilst, according lonnyesperienoey at really 
gives carbonic acid and chloroform* 

It is just the same thing as when it was said tliai die bm- 
oxiUe uf calcium and the chloric io ot lime belonged to the same 
type, that which the inieix sting and decisive experiments of 
M, Millon have so wtii proved; whilst M. Berzelius, relying 
on ingenious l eaearches, was iniluced to a.sst!i t that lime when 
uniting with chlorine gave rise to a chlorite. 

If |2> Ifalaguti taltes two equivalentc <3i dikviaeiioaiaBtlier, 
the theory of types fore eee i end eiplaina that in their pboe 
there ninat heye entered into the new prodoot two eqaifiuents 
of chlortne^ It seas stiier in the new prodiictt as to the nio> 
lecuiar constitution and the fnndamental properties. 

But Beraelius, on the contrary, as might have bean sap- 
posed, disposes the elements of this new bodytend^those of toe 
products of which it makes a part, in such a way as to make 
them constitute binary compounds, which according to these 
formulae would possess actions quite opposed to those which 
have been recognized by M. Maiaguti. 

In all cases in wliiicii the theory of substiuitions and the theory 
of types see single molecules losing some of their elements nnd 
substituting others for them, without the edifice being iiu»di- 
iied ill lis form or iu> exLerior actions, the electro-chemical 
theory reduces {didouble) these same molecules^ solely we must 
say to find tfiose two antagonitt grou^ which it afterwtids 
sopposss oonbinedy in virtoe of their reciproGal dectricBl ac- 
tion. 

Hina in my opinion the dectto-dieinical theoty has been 
drewn out of the circle which experience traces for us, when 
it would have explained the new facts of organic chemntiy* 
fiat is it to beesserted tbettbe eleonicel pnoperoesof bodies eve 
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without influence on cheniical phsenoincna ? Unquestionably 
not : only it must be ajrreed, that it is at the moment when the 
combinations are made, at the moment when they are de- 
stroyed, tliat the function {r^e) of electricity may be observed. 

But when tiie elementary nioleculeb have taken their equi- 
librium, we know not any longer how to define the influence 
that their electric properties may exercise, and no one has put 
Ibrdi views on this subject whidi asree with exp^tenee. 

I iuLVe then been induced to dedare that the facta which I 
haye just discovered were irreconcilable with the eleetnxhe* 
mical theory of M. Berzelius, who considers hydrogen as al- 
ways positive and chlorine always negative, whilst we see them 
supply each other's place, and perform the same function. 

But I am far from denyinn^, on that account, that the che- 
mical and electrical forces may be ti)c same, and there is no 
reason to take up the ddciice of the general function of elec- 
tricity in chemical phaenomena, when it is .sitii})ly a particular 
electro- chemical theory which is under discussion. W hat I 
wished Lo say, what I said, is, that when we have endeavoured 
to represent the electric state of the combined molecules, pure 
hypotheses have been attained without any result for the sci- 
ence. 

When, on thecontrary^as has been done so happily by our 
colleague M. Becquerel^ an endeavour has been made to take 
advanta^ of this electricity which shows itself at the moment 

of chemical combinations or decompositions, results the most 
important and the most fruitful have been obtained. 

It is in this class of facts tliat the beautiful discoveries of 
Davy may be classed, those which M. Becquerel pursues wiUi 
so nuich perseverance and success; in fact, the experimental 
law with which Mr. Faraday himseii more recently enriched 
chemical philosophy. 

^ Ail the discoveries of these ^reat physicists have reference 
to the phsenomcna of the chemical action) and are quite inde* 
pendent of the views which they may have expressed on the 
function of electricity in compound bodies* 

In the course of this memoir I have several times made use 
of the actions (reactions) of bodies, as being the only method 
quite proper for unfolding their real nature. There is not- 
withstanding an objection in the experiments themselveSi to 
which I have often referred the reader, tlnis: — 

A chemist who, without knowing the origin of it, had had 
to study the body H^Ch^ O, seeing that under the influ- 
ence oi potassa this body is changed uitu chloride of pota^ssiuni 
and acetic acid, would certainly have seen in it eitlier a chlo- 
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iride of the acedc radical, or acetic aci(^ in which for a por« 
tion of the oxygen chlorine had been substituted ; yet thb body 
is nothing but the clilorinated ecther of M. Mnlnguti. 

Just so, when I was occupied with the study of chloroform 
C"* H* Ch H*, the manner in which it acts with the po- 
tassa, the formation of the chloride of potassium, aiul of the 
formic acid which result ironi it, led me to coni>ider it as 
being formic acid, C'* O', in which equivalent quantidea of 
chlorine supplied the place of the oxygen ; yet M. Regnanlt 
has ktely sliown that chloroform is n<mitng but some hydro- 
chloric iBtber of methylene, in which chlorine has supplied 
the place of a portion of the hydrogen, the body O Ch* 
being changed by this sabstitutjon into C* Ch^. 

The result of these examples, which might be multiplied, 
would be, that the actions of bodies are not a fhitfiful guide, 
for they lead us to refer to acetic acid, a body denvetifrom 
aether, and to formic acid, a body which represents hydro- 
chloric ether of methylene. But in looking nearer^ we see^ 
in facty 

iEther C« H'« O 

Chlorinated aether C O 

Ch* 

Acetic acid C^WO 

belong really to the same molecular grouping, and that id 
saying that chlorinated a?thcr is derived from asther, and that 
it [produces acetic acid» nothing really contradictory has been 

afiirnied. 

On the other hand, 

Mctliylic ;rther H*' O 

I' oruiic acid C IP O 

0» 

Chloro-methylic aether C* Ch* 

Chloroform « C«H*Ch* 

ChS 

coostituCe bodies of the same molecular groupings so that 
chloroform may be viewed as anhydrous formic acid^ or as 
bichlorinated cnloro-methylic aether, without these two ways 

of regarding it at all contradictinfr cficli other. 

The result of this is, that chemical actions, without possess- 
ing the absolute character which lias often been given to 
them, deserve a confidence which may have been momentarily 
shaken, but whicii a prolound examination again establishes 
in its true place in our minds. 

In fact, we have admitted that substitutions may unveil 
the mdecoUur grouping of bodies by furnishing a set of equa* 
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tions of condition u liich the general formnla ought to sntisfy. 
Now it is evident that the metamoipho^ing actions are often 
nothing but means for operating substitutions, by taking ad- 
vantage ot aftinities more complicated than those whicli are 
made use of in the ordinary subsLiiutions. 

It is thereibre more than ever requisite to apply to the 
study of the actions of bodies, and not to trouble oursehes 
about the distance which often separates the pout Irom which 
we started from that which we reach ; for It may well happen^ 
that these two points, so unlike In their properties, are reaUy 
united to each other by the theory of 8ubstitutuu]fl»and bekiqg 
to the same molecuhur grouping. 

The law of substitutions expresses, then, a simple experi- 
mental relation; it is limited to the expression ol a relation 
often observed between the hydrogen iost and the chlorine 
absorbed, by a hydrogen a ted body submitted to the action 
of chlorine. Tliis law est:il)lishes only, that if the sul)stance 
loses 1, 2, 3 equivalents ot liydrogen, it will gain 1, 2, 3 equi- 
valents of chlorine ; but it does not explain this fact. 

The theory of types goes further; It explains what the law 
of substitutions is content to determine. It considers organic 
bodies as being formed oi particles^ whidi may be dbpiaoed 
and have their phices supplied by others without the body 
being destroyed» so to speak. In the cases above-quoted, toe 
molecule of acetic ncid, that of aether, may lose hydrogen and 
take chlorine, without ceasing to constitute an acid or basic 
molecule, formed of the same number of equivalents and eif 
dowed with the same number of fundamental {)ropcrties. 

It is then because, that on pain of being destroyed, tlie mo- 
lecule of acetic acid must take an equivalent of chlorine to 
stand tor the equivalent of liydrogen which it loses, that this 
substitution, this remplacemetU is effected. Thus it is that the 
theory of types explains the law of substitutions. 

The substitution of one element ibr another, equivalent for 
equivalent, is the effect ; the preservation of the type is the 
cause. The organic molecule^ the organic type^ constltale an 
edifice^ in which a course {assise) of hydrogen can have its 
place supplied by a course of chlorine, of bromine, or of oxy- 
gen, without the exterim' relations of that edi6ce being thereby 
modified. But it is necessary, when the course of hydrogen is 
taken away, to put something in its place; if not^ the ediiice 
crumbles or is transformed. 

Tiie law of substitutions was liartUy }>ut forth before it be- 
came the subject of severe criticisms in Germany, to which I 
thought it Ubciciis to reply. If this law was just, it was for 
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experience to teach us ; if it was false^ it was experience which 
would pronounce its falsity. In all cases it was necessary to 
leave time to determine its place in science. 

The theory of types was scarcely published when the snme 
criticisms were reproduced, at least by M. Berzeiius; and not- 
withstanding all my devotion to the interests of the science, 
I would again have left to time and experience tiie care of 
pronouncing on these debates. 

But when I reflected, it seemed quite evident to lite, tlmi 
as a consec^uence of the researches of organic chemistry, 
neral chemistry had reached one of those periods of crisis* 
when everyone owes to science the testimony of his convictions. 

We cannot conceal from ourselves that two systems of 
ideas are before us :^Hme, which is supported by all the an* 
Ibori^ of the past» the rights acquireil by quiet possession 
now for nearly a centurj', the tacit assent of a great number of 
chemi«;ts, and which reckons amonn^st its defenders and at their 
head, a philosopher illustrious amongst the most illustrious, 
M. Berzeiius ; tlie other, which consists in asserting that 
the bodies formed of the same number of chemical equivalents 
|)laced in tlie same manner, belong to the i>ame iuolccular 
tyj>e, and often to the same chemic^ type. 

This latter attributes to the number and arrangement of 
the particles an influence of the first order, which in the ideas 
of toe received chemistry belongs especially to tlie nature of 
those particles. The law of substitutions would be the ex* 

f)erimenlal demonstration of this new system, and would have 
ed some of its partizans to adopt it. I do not claim its in- 
vention, for it does but reproduce and give precisio!i to, under 
a more general form, opinioiK which are to be tounr] in the 
writings of great chemists, and particularly MM. Kobiquet, 
Mitscherlich, Liebig, Laurent, Persoz, Couerbe, &c. It is pre- 
cisely this coincidence between the numerous lactii, lo the dis- 
covery of which the law of substitutions has led, and the opi- 
nions already known relative to the influence of certain pre- 
existing molecular arran|;ements, that has given me the con* 
fidence necessary for their adoption in my turn when I pro- 
posed the admission of organic types. 

Here we have, then, berore us two systems : one which at- 
tributes the principal agency to the nature of the elements, 
the odier which reserves it tor the number and arrangement 
of the equivalents. 

Pushed to an extreme, each of them in my judgement 
would be found to lead to an absurdity. Regulated by ex- 
perience and kepi hy it within prudent limits, each of them 
must lake a krge bhtue iu tlie explanation of chemical ph£&- 
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nomena ; and to explain by a last word the meaning which 
I attach to their respective functions, I shall say that in 

chemistry the nature of the molecules, their weight, their form 
and their situation, must each exercise a real influeooe cm the 
properties of bodies. 

It is the influence of the nature ot molecules that Lavobier 
has so well defined, it is that of their weight which Berzelius 
has chnracterik^ed by hia immortal lubouis. It might be said 
that the discoveries of Mitscherlich relate to the influence of 
tbeir Ibrmy and the foture will prove whether the present la- 
boum of the French chemists are destuied to give ns the key 
to the function which bdongs to their position. 

We subjoin to the preceding memoir by M. Dumas^ a 
translation of an extract of a letter from M. Baadrioioot» 

published in the Compies Rcjuliis, for March 16. 

" M. Dumns snys, that the law of substittitions, and the 
theory of ciicmic.il types, are unconcerned in tlie reciamn- 
tions of M. Baudrimont, who does not admit them. This re- 
quires an explanation from me. 

•* I cannot admit M. Dumas's law of substitutions; first, 
because it has not the character of a physical law ; secondly, 
because it is but the strict expression of an order of facts» 
much more extended than IC Dumas supposes; btU ladmU 
chemical stibsiituiums; Jbr oAtiiiiUion is onfy one oftke modet 
Inf which bodies may enter into combination. 

I should without doubt do more than M. Dumas in say- 
ing to the Academy : Chemical compounds are jnroducedf either 
by direct combination or by displacement, or by sttbstitution, 
or lastly, by several of fhrse modes united. Sfdtstitufion may 
be fiott^cquivnlnif, cquivciloil, isof ujuc, isorhythnuc^ or isomor- 
phic ; let me be pardoned this neologism. But this form u hi, 
which is true, has not the character of a law ; it is but the 
general expression ul tacts which are within tlie kiiowledge 
of all men, ever so little versed in chemistry; for chemical 
substitutions have been known ever since we arrived at the 
knowledge that one metal can precipitate another, taking Its 
place in a saline solution ; ever since hydrogen was lirst ob* 
tained by displacing it by iron or zinc in the pretended sal- 
phttric and chiorhydric acids diluted with water; ever since 
we knew that chlorine displaces bromine and iodine ; ever since 
we knew isomorphism by substitution ; and ever since M. 
Beudant made moie than a thousand applications of them 
to the calculation ol the composition of minerals.... T admit, 
then, chemical substitution ; but I repudiate tlie jireteudeU 
law gf M. DumaS| ibi the reasons I have just set forth. 
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As to what relates to chemical types, which VL Dnnas 
wm I do not admit, I dare hope that the Academy, and all 
enligbteiied men will not participate in this opinion ; for it 
will without doubt be allowed that he who first daaned che- 
mical types, must necessarily ha^e admitted them, even before 
M. Dnmas had acquired any notion of them, as his memoir 
appears to sbow, since he makes ihh notion only back to 
his experiinL tus on chioracetic acid, the discovery of which is 
posterior to my thesis." 

M. Dumas replies, that his memoir is conceived in such 
terms, that it should have spared the Academy all the recla- 
mations of which it has been the subject In a historical note 
which .be intends soon communicating to the Academy, he 
will show in what the views which are represented as identical 
dtfler, and to whom belongs the discoveiy of each of the prin« 
cipal pomtsof the theofy. 



XXVII. On the Ferrosesquicyanuret qfPotaaium* Bjf 
Alfred Smee, E$q^ Surgeon,^ 

THE action of chlorine upon the ferrocvanate of potassium 
is a subject of much interest to. the chemist, and has not 
been examined to any extent in this country* It therefore 
has been my endeavour to investigate this action carefully, and 

to see under what circumstances the change from the ferro- 
cyanate into the ferrosesquicyaiuiret takes place; and the 
methods which are here detailed to obtain this latter salt un- 
contaminated with impurities, will be found free from the dif- 
ficulties and uncertainties attending on the present mode ui 
preparing it. 

When a current of chlorine is passed through a solution 
of ferrocyanate of potassa, or an aqueous solution of that gas 
is added to it in certain quantities^ the persalts of iron are 
not precipitated. This solution has no smell of chlorine, and 
is changed from a yellow colour to a dark red, and deposits on 
evaporation red crystals. A similar change takes place when 
bromine is added to the ferrocyanate, and in both cases the 
weight of the entire red mass is eqnnl to that of the yellow 
ferrocyanate, plus the weight of the clilorine or bromine used, 
but minus the quantity ol water which the yellow crystals arc 
known to contain. This indicates, first, that the red crystals 
are anhydrous i ami secondly, that the chloiinu oi bromine 
is actually absorbed by the salt. The former fact is con- 

* Ren J berore tho Royal Society, Juee 18, 1840 1 sad now oomiDuni- 

catcd by the Author. 

i'Mk Mag. S. 9« YoL 17. No* 109. Sepi, im. O 
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finnwfl by hcsfiDc iIm cod piwwiiitite in b tMl tnlie^ when bo 
watvr is ghoi ofl^ end the latter &ct is also proved by the ero* 
lution oichlorine or bromine, on the addition of two or three 
dxfms of strong heated sulphuric acid to a few gnhisof red salt* 

When hented alcohol is odded to tbk red mass a small pofw 
tkm is dissolved, which is again deposited when the spirit is 
evaporated. This salt by its chnrncters is kiiown to he either 
the hromitle or the chloride of potassium. By this tnethcxi 
the red rorrnrvaiiate of" potassa, which is insoluble in alcoliol, 
becomes piiriticii : but this is a troubk soiiK' and expensive 
process, as tlie bromide or chloride is hut little soluble in the 
spirit, and therefore; a lar^ quantity must be used. 

About imli ail equivalent of chlorine or bromine is rcijuireti 
to effect this chance, and great care must be employed to 
prerent eaeeei of uom eofaetancef^ m therjr ore npC to tiaet 
upon a portion of the ealt. The liquid in this eiee oontahMi 
Frossian bine dttsolved* which materially dtflooloarstbe salts, 
and it can only be precipitated from the solution by the ad- 
dition of nentrel saita^ at sulphate of «oda» vhich renders the 
red ferrocyanate impnre. In a similar manner, chloride of 
soda^ ae n^ght be expected, fynoB the red ferroqmate of po" 
tnssa. 

From the foregoinfi details n knnw]edfi:c is obtnined of the 
action of chlorine niid bromine Li])on die ferroc\nii:itc, for we 
have seen that chloride and bromide of potassium is Ibrmed, 
and tlmt one half an equivalent of these substances is necessary 
for this change. Now it is manifest that half an equivalent of 
potassium is removed from the ferrocyanate, so that the new 
&alt, instead of consisting of iron one equivalent, potas&ium 
two equivalents, cyanogen three equivalents, contains iron 
one equivalent, potaaiinni one and a half equivalent, cyanogen 
Uiree etjuivalents; and therefore it is rightly named the 
ferrosesquicyanuret of potassiuni: that h«f an equivalent 
of potassium has been removed from the saltj two or Aree 
experiments have verified. 

The adds as a class will not e0ect a similar change be» 
cause as they comhine not with potassinm but with potassa, 
water must be decomposed, the oxygen uniting with the metal, 
and the hydrogen passing to the ferroqfanate^ forming hjrdro* 
ierrocyanic acid. 

A question naturally arises whether the potassium may 
not be removed from the ferrocyanuiet by other processes, 
and we are led to try the action of ihe anions, and of these 
I attemi^ted to add oxygen to the salts by the use of nitric 
acid. This acid, when acldcd in small quantities to the y tliow 
Icrrocyanate, acts as the other acidb by liberating hydrtiferro* 
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^anb Boidyiriiidi is ijpeedilj dmmpoaid Into a pale bItieiA 
efMmret of iron. WMI9 howimr, mrtlMr addlnons of this 
soid «re made, the potassium takes efltmii, fornis potasMf 
deutoxide of nitrogen is efoltrecl> end the solution becomes 
dark coloured. This Hqnor, when nentraUaed with potassa, 
is found to give no precipitate with the p6r!;nlts of iron, but 
forms Prussian bhie with the protosalts of that metal. 'Hie 
rapidity of thi«; cimige depends upon the heat of the solution, 
for when warm tiie eflect takes place immediately, whilst on 
the contrary, two or three days are rerjiiired at n iovs t(m[K^ra- 
ture. When evaporated, a large quantity of nitrate of potassa 
is deposited ; and lastly some red crystnls :tre formed. Wlien 
acid is more used, tlie lerrocyanate is totally decomposed ; the 
black mass which is the result hu^ at iiisL a s wii^ei, but alter wurdb 
l^ves a disagreeable metallic taste upon the palate. This 
proesM can never be oasd advantagecnishr to form the iantH 
sesquicyanuret, from the qaaattf^f of aeia which Is rsqnirsd, 
the degree of niosity which smst be empkmd to eflect the 
change, and tlie impurity of tho salt whan maiaad. 

The next highly oxygenated add wMch we have to esamhia 
iathe iodic; th is wlien added to forra^fanaie of potash beeoms 
deooniposed, the oxygen passes to the potassiom to fonn 
potassa, free iodine is evolved, and the potassa passes to 
another portion of iodic acid, and is precipitated as the iodate 
of potassn. The free iodine ran be readily renmved by nrr]- 
tatiou with a little octlRi, and in this way a tolerably jnjie 
ferrosesquicyanurct oi j^otassium can be extemporaneously 
obtained, far the suUitiou contaios but Uttle iodate of potassa 
from its insolubility*. 

Chloric aciil operates iu tiie same way as iotlic acid, but 
is more diiilcuit of dccomposiiion, and it requires the ac- 
tion of heat before the smell ul chlorine is exhaled uud tlie 
red ferrocyanate formed. 

If chlorate of potassa be added to the ferrocyanate, and di- 
lute snlphnric jmd be dropped into the soliitiony red ferro^ 
emanate of potash will also De formed. 

BwMnic mad will not act npon thefe r ffo eyan ate with the pro* 
doctaon of the lerrosesquicytmnie^ but aots as other ackw fai 
fbrming Pimiaa hkue. 

A great varied of other oxyadds have been tried, but 
none were found to part with tbeir oxygen. 

When a iai|^ qaantily of peroxide of manganese In fine 

* This elesant nroceis can be employed with advantage when a sowtt 
quantity of ne lak is taddenli waeted^M It tmedly reqnirei a aiinote to 

08 
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powdef is add e d lo % MlBtioB of dM fiNVOcyHMle potihf 
and Uie nixiim d^etled for a oonaideimble tioMb the ferro- 
qranato beoomw oonvarted Into Uie ftmtesqoicyttiiiirelt ami 
on evaporation crvalalt <if the most beantinu ruby rod ara 

obtained. The salt thus procured appears to be verr pure. 

If a Itttk dilute sulphuric add be added to the flointkm ia 
coqiuoctiim with the peroxide of manganete, the action takes 
place more quickly, but sulphate of potaM is fomedt which 

is a <(i*eat disadvantage. 

The Inst process in which nascent oxygen contributes lo 
iJie rormatioii of ferrosescjuicynnLirei of potassium, is, perhaps 
one oi tlie niost elcn;!int, eihcient, and simple processes in the 
whole range orcliciiiistry. This mo<le I was Iiuluced to follow 
from the consideration, that as nascent oxygon effects a chanr^e 
of the yellow to the red ferrocyanate of potassa, a similar 
change must be piutlucctl by its being subjecteil to a gaivauic 
current. Accordingly some solution of the salt was placed 
in a tube bent like a syphon, and at die bottom a piece of tow 
was throstf in order thai a separatiaa migbt so&r be eflected, 
that the solution on mie side ooold not mdilj pass to the 
sobtion on the other. Havbg thus eomplslsd the arrange- 
ment, a mdvanie cirooit was passed through the fluid ; wma 
at the catiiode» hydrqgen was evolved, and at the anode no 
osjrgsn, on the contrary, was given off, but the soiutioa he* 
came of a dark colour. The dark soiutioa was fimnd to pre* 
dpitate only the protosalts of iron, and on evaporation de* 
posited red crystals of the ferrosesquicynnuret, but at the ca- 
thode potash was discovered. The rationale of this change 
may be deduced from circumstances attending slight nlterrt- 
tions of arrangement; for if on the zinc side of the beui tii!)c 
a saturated sohition of the ferrocyanate be placetl, and on the 
platinum siile distilled water, ami then tiie galvanic circuit 
be completed, jiotubli wili appear at the platiiiucie, ami leil 
ferrocyanate at the /uicode. On the contrary, il the diaiiiled 
water is placed at the zinc side and the ferrocyanate at the 
platinum side, potash » left at the platinode, whilst at the 
stncode no red lerrocgranate is Ibundy but a sobstanoe which 
does not redden litmus paper, and wUch speedily (leoomosea 
into Prussian blue ; this b probably ferrocyanogen. Tnns it 
appears that one equivalent of the yellow wrroc^anate is do- 
composed, the free potash travels one way and the hydro- 
feiTocyanic acid the other ; the oxygen unites with the hydro- 
gen ol the acid and sets ferrocyanogen at Uber^; this again 
unites with an equivalent of lerrocyannret of potassium to 
form the ferrosesquiqfanuret. 
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Various other attempts were made to form the red ierro- 
cyaimte by oxygen, sock as beating it witb nitrate of potassa, 
but the mixture exploded at a temperatare below redness. 

M^en a niucture of powdered ferrocyanate and peroxide 
of manganese were heated together no fenrosesquicyanuret 
was formed. Several other oxides, as those of mercury, silver, 
tin, iron, &c. 3cc., were digested with ferrocyanate oT potas8% 
but none that were tried, except the peroxide of manganese, 
formed the red ferrocyanate; many of tiiem were converted 
into cyanurets. 

A current of oxygen gas passed through the solution of 
the salt produces no aheratiou, siiowing that the gas must be 
in a nascent state to cause the change. 

Tlie next substance we have lo examine is phospliorus, 
and its action is somewhat remarkable ; for little or no change 
Is effected by the addition of an alcoholic or stberlal solu- 
tion of phosphorus. When a piece of phosphorus is also 
placed in a solution of the ferrocyanate^ or when phosphorus 
18 heated with powdered ferrocyanate, the sesquicyanuret 
is not produced ; but if a stick of phosphorus is placed in a 
bottle containing a solution of the salt, and only a portion of 
it is covered with the liquor, the phosphorus gradually bums 
away, the solution becomes sour and red, and ceases to preci- 
pitate the persahs of iron. This cliange takes place with a 
rapidity exactly proportionate to the wasting of the phospho- 
rus; for if the temperature is below 1 5°, but iitiie action takes 
place, but above 60^ the reddening is very speedily produced. 
The letl solution is not to be tested with the salt of iron 
whilst it is acid, for in that case a copious greenish^white pre- 
cipitate is produced of phosphate of iron ; but after it has t>een 
neutralized with potassa a solution of baiyta is to be added, 
to throw down the phosphate, and a drop of dilute sulphuric 
ac kl may then be added to rem ove any excess of baryta. 

The solution will now be found not to precipitate persalts 
of iron, but, on the contrary, a large quantity of Prussian blue 
is produced with the protosalts. The actual combustion of 
the phosphorus seems essential to this change ; for if the water 
in whicii phosphorus has been allowed to burn, be added to 
the solution of the ferrocyanate, a similar change will not be 
produced. The cause of tliis change appears paradoxical, 
tor ])lKjs|)horus has in other instances a deoxidizing agency, 
so tliul a piece placed in a solution of either gold, silver, pla- 
tinum, or copper, has the metal precipitated upon it. Per- 
haps it depends upon decomposition or water and the forma- 
tion of phosphuretted hydrojren ; for a narrow bottle^ to which 
air has but limited access, is more fiivourable to the change 
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than a wide vessel. If this explanation is correct, the action 
of phosphorus must be classed with the other oxygenating 
substances, ibr oxygen, and not phobphoru^ removes the 

putaisiiun*. 

No mode of abstracting the half equivalent of polubbium by 
sulphur is knownj for if half an equivalent of mlphur be heated 
with powdered fiMrmjanorety the ftrmeeqincgraiiiiret ie oot 
prodaeedi and the alooholie or terebintfnne aohtioii of sid-» 
phnr, added to a tolottoo of the Ihrracyanorety also fiifled to 

Sroduce thu change. Even nascent sulphur atising from die 
ecomposition of snlpharet of potash by an acid did not pro* 
dnoe aiiy effedf. 

A current of cyanogen gas passed through a solution of the 
salt is gradually absorbed, and it becomes of a very dark 
colour, but red ferrocyanate is not formed. 

Doubtless many may be surprised that the action of iodine 
has not been adverted Id btloie, and more especially that it 
should not have betu iiiLiniDiicd with cliloiine and bromine, 
as to these it has a slrikintr aualogy in uuist of its propci ties; 
but ni icalily Uule iL'seiublanre exists between the actioti of 
iodine on the ferrocyanate ol putassa, and th:ii ul tliluiiiie 
and bromine, as we shall immediately see. li iodine is added 
to a solution of the salt it speedily becomes dissolved, thy so- 
lution turning to a dark red, and gives a blue precipitate with 
salts ofoither oxide of m». One emuvalent irf ft n- o c ya na te 
of potash dissolves about one equivalent of iodine^ which re* 
anuns in mat part unoomboied in solutkm. If Uie solndon 
is aUowed spontaneously to evaporate the iree iodine passes 
oiBg and a whitish unaystallised mass is obtained which has 
no free iodinef but hydriodate of potassa in its oompoaitioii. 
This gives a precipitate with both oxides of iron . Now there 
is a ready method of ascertaining how much iodine the ferro- 
cyanate will not only dissolve, but combine with, and for tliis 
purpose a definite <|uantity of the salt is to be dissolved in a 
suiaii cjiiMMiity ot wate r, and then placed in a phial. Upon the 
solution ictheris to be |)oured, then the iodine is to be added 
gradually, when as sooji ns the a*tlier is discoloincd ihe satu- 
ration Is known tu l)e Llli citid. Brisk and continued aijitntion 
must foiiow each adiliiion of the iodine, in otdti that Uie 
aether may part wIlIi any iodine previously to the jiuim of 
saturation. When evaporated lo dryness more ot tlie kkIu e 
is evolved, but still hydriodate of potash may be absuacicu 
from the mass by alcohol. When all the iodine is removed 

^ No change takes place if tlie photpborus m cowpietely under tbesoiu- 
tton ofthetatt. 

t it ii tesipi la tint to dsNiilM the nlpiwqpneroi of psai^^ 
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from the mass, a result which is known by its not discolouring 
stfirch upon the addition of nitric acid, it still retains its 
power of forming Prussian blue with salts of either oxide 
of iron, and still pi eseiiu tiie same indisposition to crystallize, 
for it neither shows itself as the yellow nor the red lerrocy- 
anate of potash, but as a compound having properties inter- 
mediate widi both. 

Wben iodide of potasaium is added to the ferrosesquicy- 
anuret} iodine is evoked, the solution loses its led colour, and 
the salt possesses the characters similar to the mass obtemed 
by the action of iodine on the ferrocyanate of potash. Thus 
it is evident that if a solution of persulphate of mm be treated 
with the red ferrocvaiiate whilst an iodide is present, Pnissian 
blue will be formed. 

Whether this is really a mixture of the ferrocyanuret and 
ferrosesquicyaiiuret or a distinct compound, it is difficult to 
determine, but the latter is rendered probable from its ge- 
nerally presenting itself as an amorphous mass; yet, iiowever, 
when the purilied mixture is dissolvetl two or thi ee times in 
waiei , a dark mass is deposited, and at iasi crystals of the yeU 
low salt are formed. 

Every method vrhich has been discovered of converting the 
ierrocyanate of potassa into the lerrosesquicyanuret has now 
been detailed, and we have seen that they may each be re* 
ferred lo the class of anions^ for of the cathions the powerful 
agen^ of potassium was unable to effect this change* 

Upon the first formation of the ferrosesquicyanuret the 
colour will occasionally be a very dark red, but this is an ad- 
ventitious, not a necessary property ; for when prepared by 
peroxide of manganese or chloride of soda, it does not possess 
this dark colour. If the red crystals be carefully picked and 
re-dissulved, in no instance is this seen, and in every case where 
the dark red exists it yields to liquor ammonia; or potassa?, 
with the production of a small ijuantity of the ferrocyanate. 

The lerrosesquicyanuret, hpwever prepared, has the same 
peculiar properties. It has been alrndy mentioned that the 
protosalts are precipitated blue^ whilst the persalts are not 
effected by thb agent; however, the solution m the latter case 
is always much darkened, and ai\er a time a small quantity 
of dark'coloured substance is deposited. The mode of pre- 
paration of the ferrosesquicyanuret does not influence this re- 
sult. 

W^ith almostevcry acid, especially if heat be applied, Prussian 
blue is foriucd and hydrocyanic acid is given off", and thus 
-upon testing fur minute quantities ol metid, care must be taken 
to prevent any excess of acid, as in tlmt case tlie chemist would 
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find iron in everything he esuunines* With excess of alkali, 
on the contrary, no precipitate of Prussian blue is produced ; 
and therefore if search be made for that most useful of all 
metals, the experiment would declare that iron had no real 
existence; but if the golden mean be employed, oi the solution 
be but very slightly acid, the ferrosesquicyamn Lt, as well as 
the ferrocyanuret, become most valuable and dclicute tests, 
the one for the peroxide^ the other for the protoxide of that 
metal. 

The change by cliloiinc and biomiiic has been shown Lu 
l esuli iVom the abstraction of the half equivalent of potassium 
by the formation of diloride or bromidQ of that metal, and 
tfaeiefeve the femsesquicyannret ia impure till that la renmed 
hy alcohol. We have aeen also that the change may be ^ 
fated by the iodic, nitric, and chloric adds, Imt by these 
netboda the sal t is alao contaminated to a great extent by Ifae 
nitrate of potash, but to a much less extent with the cfakeat^ 
and scaTOuy at all with the iodate ; with phosphoros the salt 
in a very impure state may still be made. With peroxide of 
manganese, however, and the galvanic cnmii^ it may be made 
of absolute purity. 

This last mode will |n ol)ably supersede entirely every f Jthcr 
mode of preparation, as with a galvanic battery a large quan- 
tity can be readily made. The battery which I have used 
for these experiments is the platinized silver, xvliich fiuni its 
simplicity is so well adapted for general purpost^s, and suit* 
able for loug-coutiuued action. 

Bttik of Engfauid, 

TahU Deeon^po$Uiom^ 
By CMorine and Bromine. 

f Fron 1 "I flron 1 

I. I rocynnatf \ 

i ^uivaient oi chlorine J \ equivalent chloriUc oi potas»iun). 

Bromine acts in the same way. 

Bif the Gaivamc Currentm 



1 eq. Perrocynwte ^ ' ^ 
ofPotam 



Iron 1. 

PoCmhub li« 

J eq. of Potassa. 
I eq. of HyUrogBD et olfcd. 



\ eq. of Oxygen. 

4 eq. of Hydrogen from tiecompoitUoa 

of wnter. 

The action of the acids, &c. have been already sufficiently 
adverted to. 
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Tadle of Frecijnlaies with the lodv-Jcrroci^anate of Potassa 

pure. 

Ook\ Solution red, no precipitate. 

Platinum a little white depovjit. 

Mercury, bichloride white, becoming green. 

Lead ivhite» abundant. 

Silver whiter with a little reddish tinge. 

Bismuth .... white^ afterwards yellow. 
Zinc ••«•••• white. 

Copper dark brown. 

Iron protosalts • • • Prussian blue. 
Iron persaltB • . • • Prussian blue. 

7al/le o/ Precipilates with the Bed Ferrocyanate of Poiamu 

Gold . . . chloride • • • solution darker, no precipitate. 
PJatina. • . chloride • . • solution darker, small ciystab 

deposited. 

Poiiadium . nitrate .... red-brown precipitate. 

r nitrate 



• • • • 



>>deep oraiige. 



Silver. • • A sulphate 
[^acetate . 

Nickel . . . nitrate red brown. 

Copper . . /sulphate . . . yellow brown. 

1 ammoniuvet . deep greenish brown. 

Mercury /protonitrate . atBrstyelloWbrown, then white, 

^ ' \bidiIoride . . . none. [then green. 

Bismuth • • nitrate pale yellow brown. 

Tin • . . • protochloride white, gelatinous. 

Iron fproiosulphate Fnusian blue. 

'^persulphate . none^ with iodide^ potassium^ 

Prussian blue. 

Mann;anese chloride. . , . sepia. 

Cobalt , . . chluridc . ... chocolate brown. 

Zinc • . . • sulphate • . . huff. 

Cadmium . sulphate pale yellow. 

Curantum • nitrate deep red brown. 

Lead ^ * • • acetate • . . « . solution brownish, none. 

Alumina • . acetate. • • • . none. 

R«*«». fmuriate ... .1 
Baryta . J^none. 

Strontia • • nitrate none. 

Lime • • • muriate .... none. 
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XXVIII. Mineralogical Notices. Communicated bu W. H. 
Miller, Esq,^ Professor qf MLneralo^ in the universitj/ 
afCambridge* 

[Continued from p. 105.] 

[Flroni PioggeodoHTi Ammkn^ foL xlm p. 886.} 

ONE hnndred parts of Monazite, the Mengtte of Mr. 
Biookc^ analysed fay M« Carl Kersteiiy ga?e 

Oxide of eeriuiD 86*00 
Oxide of lantanlum 83*40 

Thorhm 17*95 

Oxide of tin 2*10 

Protoxide of mang^ese •••••• 1*86 

Lime 1-G8 

Phosphoric acid 28*50 

Traces ot potash and titanic acid. 

* 

ANALYSES OP OCTAHEDRAL COPPEU PYRITES. BY M. PLATTNEIU 
[From Poggcndorff *s /fmm/cw, vf l. xlvii. p. 351.] 

From Condurrow From the Waiizki Frout lixc Mar* 
MbenMrCnn- Bfineimrtiie toBBooBtrfii 
borne, in Goni* White San* inDalamein 

wall. Sweden. 

Sulphur... 28*238 25*058 25-804. 

Copper ... S6*7G3 63*029 56-101 

Iron I**8i3 11*565 17 362 

Silica... 0*120 

Wtook BiilebeB. From Sai^e* Uuknowu iacaiitv. 

haofeo. (Analysed hy N, 

F. Varrentrapp.) 
Sulphur... 22f^tS 22v;S4 26-981 

Copper... 69-726 71 002 58-199 

Iron 7'5f3n 6*406 14-845 

XXXX. On the Use oj Hijdriodic Salts as Photographic JgerUt^ 

By Mr. Robert Hunt.* 

To the Editors qf the Philosophical Magazine andJouruoL 

GrNTLEMBN» 

T HAVE been engaged more than twelve months in study* 
*• ing the peculiarities of the sails of liydriodic acid, when 
used for the production of those pfiotor^rnphic pictures which 
are formed by one operation, having liicir lights and shadows 
correct as in nature ; and the results of my very numerous 

• Communicated by the Author, whose farmer pnprr; on Photopraphv 
will be found iu vol. xvi. p. 138, S67 : see alM> our re|HMrt of the proceed- 
iugB of the Royal Society for the peit — 
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experiments are, the establishment of fixed principles, which 
rtuiuve most of the uncertainty attending the use ot the hy- 
driodates, an explanation of many of the anomalous results 
they give, and the discovery of some very remarkable pro- 
perties not before noticed* 

The nnoertainty attending the application of the hydrio* 
datesy has greatly circumscnbed their U8e» and it is the de- 
sire of forwarding the progress of a beautiful art, which now 
makes me solicit a few pages of your valuable Journal. 

Sir John Herschel, in his very excellent memoir "On the Che- 
mical Action of the liays of the Sulai- Spectrum,*' &c.* particu- 
larly notices tiie inconstancy ol tiie effects exhibited by the 
hydriodates. " Nothing," says that talented and indefatigable 
irujulrer, " can be more variable and capricious than the re- 
buUb obtained according to the diilerent intensities of ilie bu- 
lotions applied ; the qualities of the paper ; the degree of 
darkening induced on the paper before the application of the 
iodurettcd solution^ the state of the paper as to moisture or 
dryness, and other circumstances." 

That the various positions I wish to establish may be com- 
pletely understood, and to ensure the same results in other 
nands, it will be necessary to enter into a somewhat detailed 
account ofseveral kinds of paper which have been Used, and to 
give tolerably lull directions for successfully ns'wg \hc same, 
either in the camera obscura, or for drawings by applicatiun. 

1. T/ie preparation of the paper, — The variable texture ot 
even the finest kinds of paper occasioning irregularities of im- 
bibition, is a cuiibtant source of annoyance, ilelorming the 
drawings with dark patches, which are very difficult to re- 
move ; cooseqaently my first endeavours were directed to the 
formation of a surmoe on which the photographic preparar 
tioDs might be spread with perfect uniformity* 

2. A variety of sizes were tried with very variable results. 
Nearly ail the animal glutens appear to possess a colorific 
property, which may render them available in many modifi- 
cations of the processes published byMr. Talbot, but they all 
seem to protect the darkened ^^ilvcr from the action of the 
hydriodic solutions. The gums arc noted on by the nitrate 
of silver aiul browned, independent of light, which brownnig 
considerably mars liie effect of the finished picture. It is a 
singular fact tliat tlie tragacanth and acacia gums render 
tlie drawings much less permanent. I tlierciure luund it ne- 
cessary for general practice to abandon the use of all sizes^ 
ezoepi such as enter into the composition of the paper in the 
manufacture. 

[* An abftractof Sir J« HenchePi paper appealed in vol. xvi p. 331.] 
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8. It occurred to me that it might be possible to saturate 
the paper with a metallic solution, which should be of itself 
entirely uninfluenced by light, on which the silver coating 

might be* spread without snflTering any material chemical 
change. The results bein|T curious, and illustrative of some 
peculiarities to be explaiiieil when the hydriodates come ua- 
der our examination (65.), I shall record a few of them. 

4. Sulphate and Muriate of Iron. — These salts, when used 
in certain proportions, overcame many of the fust difficulties, 
but all the drawings on papers thus prepared faded out in the 
dark. 

5. AceiaU and Nitrate of Lead,— The salts of lead I baTe 
since perceived have been used by Sir John Herschel with 
success in some of his negative processes. I found a tolerably 
good result when I used a saturated solution of the above- 
named salts; but papers thus prepared required a stronger 
light than other kinds to give good results ; when I used 
weaker solutions the drawing was covered with black patches. 
On these n little further cxjilanation is required. When the 
strong solution has been used, the h^driodic salt which has 
not been expciidcd in forming the iodide of silver, which, it is 
well known, is the lights oi tlic photograph, goes Lu Ibrm an 
iodide oi lead. This iodide is soluble m boiling water, and is 
thus easily removed from the paper. When tne weaker so- 
lution of lead has been usedy instead of the formation of an 
iodide^ the hydriodate exerts one of its peculiar luncdons in 
producing an oxide of the metal (65 — 67.)« 

6. Muriate and Nitrate of Copj^er, — These salts* in any 
quantities! rendered the action of the hydriodates very quick, 
and when used in small portions appeared to promise much 
assistance in f|nicke!dn_j:r the process : but experience has 
shown their inappiicability, the edges of the paris in shadow 
being destroyed by chemical action. 

7. Chloride of Gold* — I did not anticipate mucli iVoni the 
use of this salt. On trial it was found to remain iiKiciive 
until the picture was foruied, when a very rapiti oxidation of 
the gold took place, and a consequent aarkening of all the 
bright parts (5.) (65-^67.). 

8. Chloride of platina was found to act in all r^pects si- 
milarly to the chloride of gold» the re^arkening of the H^iits 
being much more rapid and intense (5. 7. 670* 

9. A very extensive variety of preparations were tried with 
like effects, and 1 was at length convinced, that the only plan 
by which a perfectly equal surface could be obtained, without 
impniriiiir the setisitiveness of the paper, was careful manipu*> 
lation with the muriated and bilver solutions. 
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By attention to the following directions, simple in their 
character, but anriyed at a long series of inquiries, any one 
nay prepare photographic papers, on which the hydriodic 
solutions shall act with perfect uniformity. 

10. Soak the {)aper for a tbw minutes in a muriateil %vns]i, 
removing with a soft brubli any air-bubbles which may form 
on it. The superfluous moisture must be wiped off with very 
clean cotton cloths, and the papers dried at common tern- 

Ceralures. When ihy, the paper must be pinned out on a 
oard) and the silver solution spread over it boldly but lightly, 
with a very soft sponge*brush. It is to be instantly exposed 
to sunshine, and, if practicable, carried into the open air; as 
the more speedily evaporation proceeds, the less do^ the silver 
penetrate the paper, and the more delicate it is. The first 
surface is very irregular, being made up of blue streaks, which 
are parts on which a true chloride is formed; and of brown 
ones, which appear to be the chloride of silver combined 
witli a portion of un decomposed nitrate. As soon as the sur- 
face appears dry tlie silver solution must be again applied as 
before, and the exposure repeated. It must now be e?c^osed 
until a fine chocolate-brown colour is produced equally on 
all parts of the surface, and then, until required foi u^e, care- 
fully preserved from the further influence of light. 

11, In darlcening these papers, the greatest possible atten- 
tion must be. paid to the quantity of light to which they are 
submitted, everything depending on the rapidity of the mack- 
ening process. The momiiig sun should be chosen, it being 
very evident that son^e portion of the violet rays are absorbed 
by the atmosphere after the sun lins passed the meridinn, 
which permeated it freely before he had arrived at that point, 

A |)erfectly cloudless sky is of great advantage. Tlie in- 
jurious consequence of a cloud obscuring the sun dui ing tlie 
last darkening process, is the formation of a surface which 
has the appearance of being washed with a dirty brush. This 
is with difficulty removed by the hydriodates^ and the re- 
sulting pictures want that clearness which constitutes their 
beauty* Papers darkened by the diffused light of a cloudy 
day are scarcely, if at all acted on by these salts. 

12* The kind of paper on which the silver is spread, is an 
object of much importance. A paper known to the trade as 
satin-post, double-glazed, bearing the mark of J. Whatman, 
Turkey Mill, is decidedly superior to every other kind 1 have 
tried. 

The demy printing papers are many of them bleached by 
chlorine, after an artiiicial subsumce has been given them by 
lime. These reverse the |)iiutugrapbic process, and the 



Digitized by Google 



206 Mr. R. Hunt on the Use of Hifdriodic Sails 

on which the light acts with the most power become the 
darkest of the drawing, while the shaded parts are whitened. 

The dark specks M'liich nboimd in some kinds of paper 
must be avoidcfl, niul tlic spots made bv Hies very carefully 
guarded against. Tiiese are of small consequence, indeed are 
not noticed during the darkening action ; but when the liy- 
drio<lic wasii is aijplied they form centres of chemical action, 
and the bleaching process goes on around them independent 
of li^ht, defermiiig die drawing widi small rings, wnidi are 
continually extending their diameters. 

18. The Muriated SohUicn$,r^Thea6 saline washes may be 
considerably varied, and combined to an indefinite extent with 
n continued change of efiect, which is singularly interesting. 
In their application I am invariably 'guided by the combi- 
ning proportion of the salt ; for havinj^ tried solutions of all 
strengths, 1 am at length satisfied no other proportions give 
such certain results ; consequently I always work with my 
scale of equivalents at hand. The following is n list of the 
!?alts I most frequently use, selected from upwards of seven 
hundred combinations which I have tried. They are placed 
in the order of sensitiveness they appear to maintain, when 
used under as nearly as possible the same circurostanoeSi 

Colour of Picture. 

a. Muriate Of ammonia . ..{**^J;^«^ to Uhck in 

b. Chloride of sodium •••« Ditto. 

c Muriate of Strontia •••• Brown, chnnges hnt slightly. 

J iLM • ^ ^1 i. f A rich brown inciininc to 

A Mamte of b«yt. | p^^^,^ ^^J^^ 

e, Sol. chloruret nl lime . Very red. 
y. SoL chloruret ot soilu . lied, changes a Utde. 
g. Iodide of potassium Yellow brown. 

J.. Ci.U>rateofpoU«a .... {^t'Sen«SS^>^|lr 
i. Phosphate of soda.....«» Mouse coloor. 

I . I' rate of soda.* ••••• Yellow brown. 

Muriate of iron Deep hrowoi blackens. 

m. Bromide of sodium Red brown* 

The change I mention in the colour of the finished pic- 
lure is that which arises from a fresh exposure to the solar 
rays; where no change is menuoned, ii is too slight to be worth 
notlcei 'lliis phsenomenon will, however, occupy our atten- 
tion presently (3&). In addition to the salts named I some- 
times use 
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Colour of Picture. 

ft. Hydrochloric acid •••• Red which blackens, 
o. Hydrochloric aether Black. 

p. Aqueous chlorine Red, deepens a little. 

Phosphoric acid Very variable. 

14. When papers prepared with ony of the above, except 
f and are soaked for a little time in water, and dried in 
the sunshine, the picture produced— it matters not what hy- 
driodatc is used — is rendered peculiarly red, does not 
change by re-ox posure : washing either of tin papers A, r, or 
d with weak solution of ammonia, occasions this pecuUarity 
in a striking manner. 

15. 2 he Solulion of Silver, — Take of crystal I i/.eil nitrate of 
silver 120 grains, distilled water 12 fluid drachms; when the 
salt is dissolvedf add of alcohol 4 fluid drachms, which ren- 
ders the solution opake. After a few hours a minute quan- 
tity of a dark powder — oxide of siWer?— is deposited, and 
must be separated by the filter. 

16. The addition of the alcohol to the solution was adopted 
from an observation I made of its influence in retarding the 
chemical action of the hvdriodates on tlie salt of silver, which 

§oes on in the shade. lis use is therelbre to make llie action 
epcnd more on luminous influence than would be the cose 
without it. 

17. Nitric aether and acetic octher not only check the 
bleaching process in the shade, but actually act with the hy- 
drtodic salts in exalting the oxidation of the silver* In copying 
lace or feathers, they are very valuable agents^ but for any 
otlier purposes they are useless, as all the £intly lighted parts 
are of the same tint. 

18. The hydrochloric sther, which I use as the solvent of 
the silver, and apply without any saline wash, has a similar 
property to the nitric ; but as it is rendily affected by fnint 
light, it is of G^rcater value. However, jmpers prepared witii it 
must be usc(l within twenty-four liours, as afler that they 
quickly lose their sensitiveness, and soon become nearly use- 
less. 

19. The Ht/driodic Solutions, — To fixwith any degree of cer- 
tainty the strength of the sdotlon of the hydriodic salts, which 
will in all eases produce the best effect, appears to me im- 
possible ; every variety of paper, either as regards its com- 
position, or the intensity of light to which it has been ex- 
posed to darken, requiring a solution of difierent specific 
gravity. 

20. Hydriodatcs of Pof asset and Soda, — The former of 

these salts being more easily procured than any other of the 
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hvdriodatesy is the one generally employ ed* The strength ftt 
which I use these salts m roost kinds oi paper is thirty ^rams 
to an ounce of water. The following resolts will exhibit the 



diflferent energies manifested hy these solutions at several 
strengths, as tried on the same paper by the same light. 
180 grains of salt to an ounce of waterl . 
* took to whiten o j 12 minute.. 

100 do. to do. 10 — 

80 dOb to do. 9 — 

60 do. to do. ' 7 — 

40 do. to do, 6 — 

30 do. to do, 4 — 

20 do. to do. 6 — 

10 du. to do. 12 — 

The oilier hydriodic salts correspond nearly with these in 
their action; a certain point of dilution is necessanr with all. 

51. Hydriodaie ofammonia» if used on unsiaed paper, has 
some advantage as to quickness over either the salts of potassa 
or soda. This preparation i^ however, so readily deeom* 
posedy that the size of the paper occasions a liberation of 
iodine^ and the consequent formation of yellow-brown spots. 

52. Hydriodaie of' Iron, — This metallic hydriodate acta 
with avidity on the darkened paper; but even in the shade its 
chemical energy is too great, destroying the sharpness of out- 
line and impniririf^^ the middle tints of tlie drawing. It also 
renders tlie paper very yellow. 

23. Hydriodate of lime acts similarly to the iroii, but less 
energetically, and the paper is not rendered yellow by it. 

2i. Hydriodaie of manganese answers remarkobiy well 
when it can be procured absolutely free of iron. When the 
manganesic solution contains it, even in the smallest quantities, 
light and dark spots are formed over the picture, which give 
it a carious speckled appearance. 

25. HytHodie aeid^ it used on paper which will not deoom* 
pose its aqueous solutioni acts readily on the darkened diver. 
It is difficult, however, to procure a paper which does not li- 
berate the iodine. A portion of hvariodic acid» firec^ In any 
of the saline solutions, greatly quickens the actioii. 

86. Hydriodate of baryta possesses advantages over every 
other simple hvdriodic solution, both as it regards quickness 
of action, and tlie sharpness of the outline in the ))hoto<^rjiph. 

27. 1 find, however, the quickness of this solution may be 
much increased. Forty jrrnins of the hydriodate of fiaryla 
being dissolved in one oinuc of distillud water, thereto should 
Ihj added five grains uf }nne sul[)halc of iron, and allowed 
»iowi^ (g dis^lvet is>ulpi^t9 i^i^r^ tu U i^reu^HavwU, whkU 
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shoiikl he sepaiatecl by filtration, when the solution is com- 
posed of tlic liydriodate of baryta anil iron. By now adding 
a drop or two of very dilute sulphuric acid, more baryta is 
precipitated and hydriodic acid left free. The clear solutiuu 
mnst be decanted ol^ as the filtering through paper decom- 
poses the acid. Bv thb means a photo^apnic fluid of ^raat 
▼aliie is formed. It should be prepared in small quantities^ 
as it suffers decomposition under the influence of the atmo- 
sphere and of li^ht. It is always easy to set hydriodic acid 
free by prccipitatmg sulphate of baryta. 

28. Diredions for takttig Pholographs,-^For drawings by 
application 10*^5 care is required than for the camera obscura. 
With a very sotl llaL brush apply the hydriodic solution on 
both sides oi tlie prepared paper until it appears equally ab- 
sorbed, place it in close contact with the object to be copied, 
and expose to sunshine. The exposure shouhi continuL' until 
the light parts of the picture (iotlide oi silver (54-. )) arc seen 
to brown. The observance of this simple rule will ^be found 
of very great advantage in practice. Immersion for a short 
time in soft water removes the brown hue^ and renders the 
bright parts of the picture more clear than they would other- 
wise have bedi. 

29. If the paper is intended to be used in the camera, It 
is best to soak it in the hydriodic solution^ until a slight 
change is apparent from the chemical action on tlie silver; it 
is then to be stretched on a frame, and not allowed to touch 
ill any part but at the edges; placed \n the dark chamber of 
the camera at the proper ibcuS| and submitted to luminous in- 
fluence. 

If the wetted [)a[>er is placed upon any porous body, it 
will be Ibaiul, owing Lo ilie capillary communication esta- 
blished between different points, that the solution is removed 
from some parts to others, and different states of sensitive- 
ness induced. Another advent^ of the frame is, the paper 
being by the moisture renderea semi-transparent, the light 
penetrates and acts to a greater depth, thus cutting out nne 
lines which would otherwise be lost. However, if the camera 
is large, there is an objection to the frame ; the solution is apt 
to gather into drops, and act intensely on small spots to the 
injury of the general effect. When using a large sheet, the 
safest course is to spread it out when wetted upon a piece of 
very clean wci ^lass, great care being taken that the paper 
and glass are in every part in close contact. The picture is 
not formed so quickly when the glass is used as when the 
paper is extended on a frame, owing to the evaporation being 
slightly retarded ; the additional time required, about one- 

Phil. Mag, S. 3, Vol. 17. No. 109. Sept. 1840. P 
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Mxth k»^r, is however in most cases of small conseqiMiio& 

It is somewhat singular that if the glass plate is interposed 

between the paper and the lens, the action is not more re- 
tarded than if it liad been placed behind it. The interfe- 
rence ot a transparent plate is little felt in the hydriodic pro- 
cess. 

SO. On Jixing these Photographs. — The picture being 
formed by the influence of light, it is renuired, to render it 
unchangeable by any tunher action of the luminous fluid, 
not only that the hydriodic salt l)e entirely removed from the 
paper, but that the iodide c^f silver which is formed be uii»o 
dissolved out of the drawing. 

Sl« By well washing the drawing in warm water the by- 
driodate is removed^ and the pietnrea thus nrepared hm 
been staled to be permanent; and if tbey are Jcept in a port* 
Iblioy and onlyoocasiooally exposed, they are really so; Ibr I 
shall show presently (54.) that they have the property of 
being restored in the dark fo the state in wkiek they laetepnm' 
to the destructive action of lighim I have now before me the 
fiiBt drawing of this kind 1 ever executed, bearing the date 
June 17, 1839. This drawing has been kept loosely in iqy 
table drawer, and has often been exposed for many successive 
days to the notion of the sun ; vet the mo^t dch'cate vena- 
tions of the rose leaves are as perlecl a-i at first. Thus pre- 
pared, however, these photographs will not bear continued 
t\|u)syrc without injury, about three months in summer, or 
six weeks in wiiiLer being sufficient to destroy tliem. 

32. For a long period 1 was under the impression that 
two iodides of silver existed, the one sensitive to solar influence, 
but the other not so; and in my paper publi^lieii in ycmi Ma- 
gazine for April, I stated such to be my opinion. I have, 
nowever, since that period seen reason sufficient to c^uestion 
1]m correctness of my conclusion. Under the fimner impsea* 
sion» not ht^ng successful in removuD^ the iodide fiom the 
paper without also injuring the ozidued or dark portions^ 



silver* Some of the results being curious, I shall give them. 

33. By washing the photograph with a hot saturated ao- 
Itttion of the acetate of leadf Uie yellowness of the Ugfats wns 
at first increased, but eventnaUy considerably whitened, and 
the dark parts assumed a peculiar crimson hue. The draw^ 
ing faded out entirely by the action of light in three weeks. 
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are they restored by a liquid hyposulphite ; the paper, in- 
stead of beiiifj completely white, being altogether of a full 
rich yellow. When these phoiograj^lis are restored by the 
hyposulphite, they are even less permanent under theinduence 
of light than ilio&e wai»hed with the salt of lead. 

85. The ferrocyanate of potassa exerts no action on these 
photofnrapbs in any way remarkable^ nnlesa they have been 
formea by the agency of the hydribdate of iron (22.| or of 
baiyta and iron (27.)* They are then obliterated by it, but 
on exposnre, the light parts of the picture are darkened, 
changing thus to a negative photographf the originally dark 
parts being now a light bluei 

36. With much attention, I have tried the hyposulphites 
of soda, ammonia and potassn. But I liave failed t(> remove 
all the iodide of silver, \s ithout destroying at the same time 
the dark parts, and the minute portion which remains in the 
paper is very soon darkened by light to a tint similar to the 
lighter shades of Indian ink. Wlien first done the drawing 
is mucli improvctl in appearance, but it is diflicult to remove 
the hyposulphite so completely as is necessary to prevent the 
ibnnation or the sulphuret of silver. 

87. Sulphuretted hydrogen gas, which has the singular 
property of blackening the iodide of silver, when in that state 
which is easily darkened by light, but of bleaching H in the less 
wsceptibk state, acts on these photographs in a manner simi* 
lar to the hyposulphites; but the oxidized portions of the 
picture are nrst destroyed and then restored by light. The 
light parts are, however, rendered brown. 

I have tried a great variety of otlier agents, diversifying ■ 
my method of using tlieni in almost every possible way, but 
as yet I have discovered no materia! which effectually removes 
the iodide of silver alone; consetjULiitly I satisfy myself witli 
well washing my photographs in hut \\ ater. 

[To be continued.J 



XXX. On the Anthracite Coal of South Wales. Bjf Samuel 

Woods, Esq., 

To the Editors of the Philosophical Magazine andJoumaL 
Gentlemen, 

T-TAVING received from a friend at Paris the accompany- 
ing analysts of some of the anthracite coal found abun- 
dantly in this neighbourhood, I transmit it to you in the 
belief that it may be worthy of record in your pacres; and the 
quality and uses oi tiiis coal having lately excited so much 

P2 
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atteotion and iiiqiiiry» a few preUininary obocryatiOM may not 
prove imaeceptable. 

This deposit' of anthracite coal forms a part of the large 
Welsh coal basin extending from Brides-bay to Pontypool, 
— the western limit of the nnthracite (or stone coal) deposit 
being the coast of Penihrokcshire, and its eastern terminating 
not far beyond the Neath Valley: the seams towards Merthvr 
and beyond, gradually losing their anthracetous and assLinun^^^ 
the bituminous character, the width till it reaches Lhmdsliip- 
ping in Miltord -haven is inconsiderable, troni whence it slowly 
ex}iamls tow ards Tenby. In this district there do nt>L apiHrar 
to exist uiore than three or four distinct veins, all of which 
seem to have been exposed to intense heat, and to disturbing 
forces oi great violence, these rans atxnmdiiiff in fruits and 
tossed about in varioos direccions^ veiy difficult lo IbUowt a 
large proportion being reduced into snmll parddes known by 
the denomination of colm> employed diiefly in linie4ianiinff : 
tbelai^r pieces, however, possess a very an&bmoompa^ 
racter and superior purity, and arc in great repntatioa and 
demand for drying malt, for which purpose tlm have been 
long used. The veins then appear to pass under Carmarthen- 
bay, and again to emeige in the Owendraeth VaUev beyond 
Kidwelly, where a vast quantity is procurable. From the 
southern edge of the basin from Pembrey to Swansea and 
Neath, the cnnl is chiefly bitamiiioiis, but occasionally of a 
mixed charaLlti , more or less ap[)roaclung to aytlimcite, the 
latter becoiiiiiig more yuire and distinct as we advance north- 
ward through the collieries of Trimsaran, Brondyny, Llan- 
gennych and Pont-twrch in the Swansea Valley. To the north 
of all these points the quality rapidly improves, and all the 
coal nortii of a line drawn from Pont Yales to Aperper^wm, 
may be considered real anthracite. The GweudiactU \ alley 
from near Pont Yales to the Big mountain, a distance of 
about eight miles trending N.E. is Icnown to possess thirteen 
distinct veins» somewhat varying in purity and thickness* the 
latter in the agmgate amounting to about 40 feet, and the 
greatest depthdbitherto worked, or in contemplation to work, 
about 65 fsthoms; the dip from 30^ to 45^ Seams of argil- 
laceous iron ore are also found between the coal veins. 

The use of this coal has hitherto been chiefly confined to 
maltsters; it has been more recently adopted for Dr. ArooU^a 
and other stoves» and is now successfully applied to the re^ 
daction of iron ores in the vicinity of Swansea; and its free- 
dom from smoke, joined to the durability of its heat, offer the 
stronn-cijt recommendations for its employment in locomotive 
engiues eithci* on land or wateri and there is liule doubt wiU 
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be ultimately adopted for these purposes. There seem at 
present some dlmolties as to the best modd of using this 
combustible; since by sudden exposure to all incandescent 
furnace it is apt to split or exfoliate into minute fragments^ 
which choke up the draught of air, or are thrown out like dust 
by any rapid motion. Dr. Ure assigns as the cause of thisy 
I believe truly, tlmt being- a bad conductor of heat, the super- 
ficial parts expaiul and break off frooi the cooler internal 
portions; the remedy for which appears to be buine contri- 
vance for gradually heating the coal before it comes into 
contact with the fire, and of supplying a constant current of 
hot air ; these precautions are iiot required lor common fires. 
Mr. Player has secured a patent for such a process, which is 
exhibited on the Thames in the steamer called the Anthracite, 
the action of which every one u disposed to praise, yet no one 
adopts: for this no reason appears but the difficulty of over* 
coming prejudices, or the fear of engaging in novelties in the 
first instance requiring some additional expenditure. 

With regard to its application to domestic use it has many 
and forcible recommendations ; it gives out a clear, steady and 
durable heat; requires hnt little attention when once lighted; 
and the absence of all annoyance from smoke, soot or dust, 
renders it very desirable for culinary purposes and for bed- 
rooms; in the parlour it may be thought dulicieirt in the 
bright and cheerful character which beloni^'s to the Newcaslle 
coal; besides which, as tlie anthracite never cakes, it lequires 
no aid from the poker, the employment of which on the con- 
trary extinguishes the fire^ ma therefore may be deemed ob- 
jectionable. 

Analysis of the vein of Anthracite coal called the Gvverdd 
(Green) vein from Coalbrook in Carmarthenshire near 
Font y berem, in Uie vale of the Gwendraeth, the property 
of the Gwendraeth Anthracite Company ; by Mons. Jao- 
quclain, of the Ecoie des Aris at Pans. 
Ultimate analysis. 
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Manu&cturing analysis* 
Carbon 89-80 \ ^ , 
Ashes. i.70/^*'«^^*50 
\\'ater i'35 

hydrogen, ^ 7*15 
ammonia 
.and oxygen. 



100 



100 



One gramme of the coal reduces 33*3 grammes of lead, con- 
sequently the heating power may be thus estimated : 1 kilo- 
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gramme is capable of raising 76*54 kilogrammes water 
(quere from 32°) to the boiling point, or of cvnf)oradiig 11*55 
kilogrammes. All the samples of coal placed in my hands 
were of n brill iniil !)1nck, very compact, and of a lamellar 
structure; the cross fracture rough and uneven; they do not 
soil thu iingers, anil break easily under the hammer; the 
hardness is nevertheless considerable, and it is diihcult so to 
reduce it to powder as to destroy its brilliancy. 

The double carbonate of lime and iron occurs between the 
lamitiiB of this ooali and sometime* agglomerattons of carbo- 
naoeous matter possessing the appearance, lightness and lnft> 
biliw of wood cnarcoaL 

llie specific gravity of tlib coal is 1*27; it barns in the 
furnace without flame; a small quantity reduced to powder 
consumes slowly without inflaming; ignited masses do not 
lose their form, but when separately exposed to the air become 
extintruished, whereas in mass the combustion succeeds well in 
the reverbatory furnace. 

I incinerated some of this coal reduced to powder in a 
muffle furnace charged with the same coal, and beginning with 
a stratum of lighted charcoal: the combustion continued for 
five iiours, while every part ul llic inleriui ui the furnace wab 
incandescent 

The residue of this incineration upon a small scales consists 
of slightly ferruginous and calcareous ashes; that of combus- 
tion on tne large scale is similar^ but mixed with some smali 

pieces of coal having suffered incipient exfoliation. The 
ready combustion in mass is undoubtedly to be attributed to 
a slight separation of the laminse of the coal produced by the 

high temperature, and to the emission of a gas*. 

The quantity of gas which this coal is capable of supplying 
in close vessels has been founil to be 2 !■ litres for 100 grammes 
of coal, equivalent to 240 litres for a kilogramme. It will be 
seen that these results approach those obtained on the large 
scale in gas-works, where that quantity yields 180, 200, and 
'260 litres of gas; unfortunately the gas pjoduced from liiis 
' anthracite does not give more light than pure hydrogen ; it is 
now well known that illuminating power may be communi* 
cated to hydrogen gas by causing it to circulate in resenroirs 
over the surface of oil of schist or of tar. 

From what has been stated^ it is evident that coal having 
a uniform character similar to that which 1 have analysed, 
would be much in demand on account of its remarkable 
purity, both for domestic consumption and for blast furnaces^ 

* I do not exactly comprehend how this sc|)aratiou of the lamina; pro- 
mocet oomboBtbD. I tboold have thought its tendency woald have bsen^ 
to choke and cheek the fire.-^, W. 
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and especially for the latter, on account of the extremely high 
temperature it is capable of producing. 

1 repeat, that if this oombostible prove homogeneous and of 
eoual quality in every part of thecleposit» the discovery is one 
or great importance for the reduction of ores and the quali^ 
of the resnituig products. 

Dr. Schaihaeuil of Munich, now or lately residinj^ at 

Swansea, has analysed tor the Kilgetty Coinpany» twosa^i^lcs 
of the Peni brukes hire coal ; the average specioc gravity he 
states to be 1*413. 

1. S. 

Carbon 98*48 94*100 

Hydrogen •.«••• 3*87 8*S90 

Oxygen 143 1*336 

Nitrogen I OS *3744 

Sulphur '12 

£arthjr matter 1*61 *068 

Alumina... • *478 

Silica.. ..«•• *190 

Iron • ... •264 

Water . -300 

100 100 

Pemfaf^f Carmartbeoiiiire. 

XXXL On the Tenntm Spark from the VoUak Battery. By 
Andrbv CROsax, Etq. Oammmcated in a Letter to John 
P. Oassiot, F,B.SL 

To the Editors of the Philosophical 3iagazine and Journal, 

Gentlemen, 

T^HIl. iticiused conimuiiicaiioii from my liieud Andrew 
^ Crosse, Escj., may perhaps be interesting to the readers 
of the Philosophiool Magazine; the paper he alludes to is one 
I communicated lo the Royal Society, and which was ho- 
noured by a place in their Transactions of thb year. 

I am, Gentlemeuy your^ &c 
Clapbam Common, Aug. 3, 1840. John P. Gassiot. 

My jdeae Sir, 

I return you my best thanks for your paper on the voltaic 
spark, &c.; I have read it widi attention, and was much inter- 
ested by its perusal, particularly by that part which relates to 
Zamboni's pile. I once had a cork ball kept vibrating be- 
tween the poles of four columns of De Luc's pile, without 
cessation, for upwards of twelve years 1 Now for the possibi- 
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lity of obtaming a spark betiveea the poles of a voiteiG batlarf 
before the drcuit is completed* WerejFOii to seethe action of 
my unfinished water battery of 1626 pairs of sine and copper 

cylinders^ you would allow the question lo be set at reel. 
I take a small glass stick, and tie on it^ with waxed silk ihiead, 
very secarely, two wires of platina^ with the two extreme ends 
ready to be plunge<l into two cups of mercury connected with 

the opposite poles of the battery : the two other ends of the 
wires arc l^rought to tlic distance of ahoiit j^thof an inch 
£rom each other, as beiow. 

I III m^T ^^ in -= 




A B, CD* two platina wires 'secured on the glass stkk 
E| F» G* H attheparts £, F, 0» H. The two nearest ends 
of the wires approach each other at C to abont die di- 
stance of xin^b ^ ^ ^"c^* I about, (or I have no in- 
strument to measure it with acettracy, nor n it of any conse- 
quence, as the ceils of that battery are not by any means so well 
insulated, as that the above distance should be taken as a 
test of intensity of the battery. The moment the connexion is 
made with the ]>oles of the battery, a small stream of fire takes 
place at the inlci vnl between B and i.\ uliicJt \ have kept up 
lor many jnijiutcsj nor (iid it appear iiiclincti to cease. This 
experiment never fails, but with a mucli greater imtnbcr of 
plates, each j)air not being separately insulated, it wuiild never 
succeed. To expect to produce n spark or visible ciurenl 
under sinjilar circumstances witli the above \\ ()iikl l)c liopeless, 
except vviili a considerable number of pairs ol plaiea, eacli ))air 
being separately insulated. With 1200 pairs I have succeedeil, 
and with 10,000 or 20,000 the distance at which It woukl 
strike would be very great, comparatiTely speaking. 

I showed a friend the other day about twelve inches of 
iron diain illuminated pretty strongly by tlie passage of 
repeated shocks of my lai^ electrical battery through it, 
charged by the water battery alone. The intensity was so 
ffreat as to keep up a comttant dance of pieces of nhrer>lcaf 
between two plates connected with the opposite poles, llie 
reason why Professor Danieli's water battery, which you em- 
ployed in some of your exjx;riments, failed, was first, that the 
cells were not separately insulated, and secondly, that they 
were too few in iiiniiber. 1 })i esume it was the water battery 
which I once saw u ed at tlie iioyal Institution^ the intensity 
of which was veiy ieeble. 

I do wish you could manage to pay me a vi;»it, and see the 
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action of my battery, I meaot as soon as I hava time to add 

about 850 pairs of cylinders to it. Woe then to tbe nnfor- 
tunate wirtch who comes between tJie poles» when connected 
with the eiectricai bfittery ! 

P. S. Please to observe, that when I procured llie stream of 
electricity in the interval between the platina wires, T used 
the water battery alone, without otlier M|)pai atus, and uot 
connected with the electrical or any other ballery. 

Broomfield, near Taunton, July 17, 1840. 



XX X II. Oi ihe Process of Daguc i f coij/pCf and its application 
to taking Portraits from ihe Life, By John William 
Draper, itf.Z>.) Prof. Chemistry in ike IMvenity of New 
York, 

"ITKllY soon afier M. Daguerre's remarkable process for 
• Photogenic Drawing was known in America, I made at- 
tempts to accoropUsh its application to the execution of por- 
traits from the life* M« Arago had already stated, in his ad* 
dress to the Chamber ofDeputies* that M. Daguerre expected, 
by a slight advance, to meet with success, but as yet no ao« 
count has reached us of that object being attained. 

More than one hundred instances are recorded in Berzelius's 
chemistry, in which the agency of light brings about changes 
in bodies; these are of ail kinds: formations of new com- 
pouuds, re-arran^cments of elements already in union, changes 
of crystallugraphic character, decompositions, and mecii^ncal 
moiliiications. 

The process of the Daguerreotype is to expose a surface 
of pure silver to the action of the vapour of iodine, so as to 
give rise to a peculiar iodide of silver, which under certain 
circumstances is exceedingly sensitive to light. The different 
operations of polishing, washing with nitric acid, exposure to 
heat, &c., are only to ofier a pure silver surface ; the operation 
of hyposulphite of soda, and the process, which I shall pre- 
sently describe^ of galvanization, are to free the plate from its 
sensitive coating, and in no wise affect the depth of the sha- 
dows, as some of tlie French chemists at fn*st supposed. 

There is but one pnrt of the Daguci i coiypc which does not 
yield to theory : on one point alone there is ubsciu lty. Why 
does the vapour of mercury condense in a white Ibrui on those 
portions of the film oi iodide, wiucli liave been exposed to the 
influence of light? — condense to an amount which is rigidly 
proportional to the qnanti^ of incident light ? 

Even on this point there are facts which appear to have a 
bearing. 

(a.) It has long been known, that if a piece of soapstone or 
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agalmatolite he made use of as a pencil to write with on 
glass, thoug]i ilic letters that may have been tunned are invi- 
sible, and though the surface of the glass may subsesjuently 
have been well cleared, yd tliey will come iiilo view as soon 
as the glas*» breathed on. 

(6.) I have often noticed, that if a piece of very clear and 
€ool glassy or what is better, a cold pcuished melaluc reflector, 
has a little object, such as a piece of metal, laid upon it, and 
the surface be breathed over once, the object being then care- 
fully removed, as often as you breathe again on the sur&oe^ 
a spectral image of it may be seen, and this singular phseno- 
menon may be exhibited for many days after the first trial 
was made. 

(c.) Again, in the common experiment of engraving on 
glass by hydrofluoric acid, if the vapour has been very weak, 
no traces will be perceived on the glass after the wax has been 
removed; but on breathing over it, the moisture condenses 
in such a waVf as to bring all the object into view. 

{d,) In a former number of thn Journal I described a phae- 
nomenon which relates to the crystallization of camphor on 
surfaces of dry glass, on which moveable traces have been made 
by the pressure of a glass rod ; thb also appears to belong to 
the same class of effects. 

Berzelius (Trait^, vol. ii. p. 186.) has attempted to explain 
(a.) and (c.) on this principle, that the changed and unchanged 
surfaces radiate heat unequally. There may be stronj? doubts 
with some as to the correctness of this, but is not the Daguer- 
reotype due Uj the same cause, whatever it may be? 

We must separate carefidly the chemical channreq which 
iodide of silver undergoes in the sunbeam, from the mechanical 
changes which happen to the sensitive film : iodide of silver 
turns bUck in the solar ray, the whole success of the Daguer* 
reotype artist depends on his checking the process More 
that change shall have supervened. 

The coating of iodine is not mrnediatefy necessary to the 
production or images by the mercurial vapour. The con- 
dition seems to be traceable to the roetallic surface. If yon 
lake a Daguerreotype, clean off the mercury, polish the plate 
thoroughly with rottenstone, wash it with nitric acid and 
bring it to a brilliant surface, yet if it has not been exposed to 
heat, the original picture will re-appear on exposure to the 
merciit 1 11 vapour. Is not this a result of the same kind as 
those jusL leicirctl to? 

As a polishing material for the DaguerreoWpe plate, com- 
mon rottenstone and oil answer very well, llie plate having 
been planished bv the workman, b to be rubbea down to a 
good suriace^ and as high a polish given to it as poseible} 
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it u to be bested and washed with nitric acid, as indicated in 
tbe French account, and finished by being rubbed with whiting 
{creia prieparaia)^ in tlie state of a very dry powder* going 
over it ibr tlie last time with a piece of clean dry cotton ; this 

gives an intensely black lustre, which cannot be obtained by 
rotten stone alone, and thoroughly removes any film which 
uilric acid may have leh. 

To coal with iodine, I nmke use of a box about two inches 
deep, in the bottom ol which that substance in coarse flakes 
is deposited; no cloth iiitti veiies, but the silvered ]»iate, witlku 
temporary handle attached to it, is brought within half an inch 
of the crystals, and it becomes perfecdy coated in the course 
of horn one to three minutes; no metallic strips ave necessary 
to ensnre this sfe c t ; ii the edges and comers are thoroughly 
clean, the golden hue will appear uniformly. 

M.Daguerre recommend^ that the plate, after being iodiated, 
shall be pkced in the camera without loss of time. The 
longest interval, he says, ought not to exceed an hour. Be- 
yond this space the action of the iodine and silver no longer 
possesses the requisite photogenic properties," 

There may be something peculiar in tiie j>repaKUi()n of the 
plate as I have described it, but it is cerLam that tiiis obser- 
vation DiubL be received with some limitation. A plate, wliich 
has been iodized, does not appear so (juickiy to lose its sen- 
sitiveness. On the other hand, by keeping it in the dark tor 
twelve or twenty-four hours, its senutiveness is qften remark' 
abfy increased. Other advantages also accrue. Those who 
have made many of these photogenic experiments, will have 
had frequent occasion to remark, that the film of iodine is not 
eaually sensitive all over, that there are spots or cloudy places 
which do not evolve any impression, and often the whole is 
in that condition, that the bright parts alone come out, while 
the piirts that arc in shadow do not evolve correspondingly, 
nor can they be well developed, exce})t at the risk of solarizing 
the picture. Now, a plate that has been kept for several 
. hours, is by no means so liable to these eilects: I do not 
pretend to give aiiy reason lor this, but merely mention it as 
a iact, of considerable importance to the travel! dni^uerre- 
otyper ; he will find that the iodine dues uoi lose iU> bensi- 
tiveness in many days. 

In a paper read before the Royal Society, of which an abs- 
tract Is given in the April number of this Journal for the 
present year (p. 333.}, Sir John Herschel states^ that there 
IS an abaolute necessity of a perfect achromaticity in the ob* 
ject-g)ass of a photographic camera. M. Daguerre appears 
to have been under the same impression, and recommends in 
his published accotmt such an object-ghiss. 
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All. Ihe rays of light, mth perhaps the exceptioD of the vet* 
lowt leave an impression cm the iodide of silver, 'llie less 
refrangible ravs, nowever, act much more slowly than those 
which are at the opposite end of the spectrum. In tlie com- 
mon kinds of glass, the most energetic action lakes place in 
tlie indigo, or on the boundary of the l)liie. Now the retina 
receives an impression with equal facility from each of the 
different rays, the yeilow light acting as quickly upon it as llie 
red ov the blue. Vision is therefore perfoi rned independently 
of lime, the eye catching all the colours of the spectrum with 
e(}ual facility and wiih equal speed. But it is not so with these 
photogenic preparations. In the action of ligiit upon them, 
time enters as an dement; the blue ray may have effected its 
full change, whilst the red is yet only beginning slowly to act; 
and the red may have completed its change before the yellow 
has made any sensible impression. On these principles^ it is 
plain that an achromatic objecUglass is by no means essential 
for the production of fine photographs ; for if the plate be 
withdrawn at a certain period, when the rays that have a 
maximum energy have just completed their action, those that 
are more dispersed but of slower effect, will not have had time 
to leave any stain. We work^ la fact} with a temporary 
monuchromatic li^ht. 

Upon these pnnciples I constructed ihe camera which I 
am in the habit of using, with a double convex non-achromatic 
lens. Some of the finest proofs were procured with a common 
spectacle lens, of fourteen inches focus, arranged at the end of 
a dgar*box as a camera ; a lens of this diuneter answers very 
welffor plates four inches by three, reproducing the objects 
with Uie most admirable finish, copper-plate engravings being 
represented in the minutest particulars, and the marks of the 
tool becoming quite distinct under the magnifier. 

In this instance, it is true, owing to the magnitude of the 
focal length coinpnrcd with the fipertnn\ but little difficulty 
ensues from tlnotnatic aberration; but when with tlie &ame 
focal length tlie ajierture is increased to three or four inches, 
then the disjiersion becomes very sensible, and yet good proofs 
can be procured, by working in the niediod here indicated, 
the chief difficulty then arising from spherical aberra- 
tion. 

It has already been stated, that the ray of maxunum action 
for the Daguerreotype, when colourless French plate-glass is 
used. Ilea probably within the indigo snace; it tnerefore fol- 
lows, that the length of the camera sliould be diminished, 

after arranging it tn the luminous focus. The importance of 
this is pointed out in a paper by Mr. Towson, inserted in this 
Journal last year ^ i was, however, in the habit of using this ad- 
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jostment before reading the su|:;ge$tion8 contained in that ex- 
cellent communication. The amount of shortening which 
should be given to the camera* where the lens is fifteen inches 
focus, does not commonly exceed three-tenths of an inch. 
If the luminous focus be used, the proof comes out indistinct. 

Tn t!ie subsequent process of mercurializing, it is of little 
importance what is the angular position. iSevcral experi- 
menters were (or a time under the idea that an angle of 15^ 
or 48° was a necessary inclination, in order that the plate 
should take the va^)Our; this arose from a misinterpretation 
of the printed account. Plates luercut ializc eijually well in a 
horizontal as in any other position ; perhaps a slieht inclination 
may be of advantage, in allowing the vapour to low with uni- 
formity over the iwiized surface^ but the chief use of an angle 
of 45% is to allow the operator to inspect the process through 
the glass. 

Sometimes it is advantageous to heat the mercury a second 
time, when the proof is not distinctly evolved at first. Indeed, 
it occasionally happens, that a proof which did not evolve at 
all at first, will come out quite iairiy on raij>ing the tempera- 
ture of tiie mercury again. 

M. Daguerre reconmiemis two methods of removing the 
sensitive coating from the plale, by washes of hyposulphite of 
soda, and a solution of common salt. The former answers 
perfectly, the second only indifierently well. There is, how- 
ever, another process^ which b very simple, and has an advan- 
tage over the former of these in cheapness. It adds not a 
litde to the magic of the whole operation, in the eyes of those 
who are unaccustomed to chemical results. The plate9 having 
been dipped into cold water, is placed in a solution of common 
salt, of moderate strength; it lies without being acted upon at 
nil : h\\\ if it be now touched on one corner with a piece of 
zinc, which has been scraped bright, the yellow coat of iodide 
moves off like a wave and disajipears. It is a very pi etty 
process. The zinc and silver forming together a voltaic 
couple, with the salt water intervening, oxidation of the zttic 
takes place, and the silver surface commences to evolve hydro- 
gen gas ; whilst thb is in a nascent condidon it decomposes 
the Sim of iodide of silver, givind^ rise to the production of 
hydriodic acid, which is very soluble in water, and hence in- 
stantly removed. 

This process, therefore, differs from that with hyposulphite. 
The latter acts by dissolving the iodide of silver, the former 
by decomposing it. It is necessary hot to leave the zinc in 
contact too long, or it deposits stains, and in lar<re plates the 
contact should be made at the four corners successivelyi to 
avoid this accidentt 
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After the proof is washed, all the defects ia the preparation 
of the plate become apparent. If a film of mercury has ex- 
isted on it, due to its not having been burnt soflBciently long, 

there will be found a want of distinctness in the shadows; or 
if ilie plate has not been burnt at all, perhaps the former im- 
pressions which have been ohtRined will re-appear. This ac- 
cident frequently happened in niy earlier trials, when care 
had not been taken lo give a due exposure each time to the 
spirit ilauic. Spectral ajjpeaiaiices oi former objects, on di^ 
ferent parts of it, emerged, — an interior with 1- aul Pry coming 
out, when the camera nad been pointed at a church. 

There is no difficulty in procuring impressions of the moon 
by the Daffuerreotjjfpe^ bevond that which arises from her 
motion. ^ the aid of a fens and a heliostaty I caused the 
moonbeams to convei^ on a plate^ the lens being three inches 
in diameter. In halt an hour a very strong impression was 
obtained. With another arrangement of lenses 1 obtained a 
stain nearly an inch in diameter, and of the general figure of 
the moon, in which the places of the dark spots might be In- 
distinctly traced. 

An iodized plate, being ex[)osecI for filtecii seconds only 
close to the flame of a gas light, was very distinctly stained; 
in one minute there was a very strong impression. 

On receiving the image of a gas light, which was eight feet 
distant, in the camera, for half an hour, a good representation 
was obtained. 

The flame of a ^ lamp was arranged within a magic 
lanthomi and a portion of the image of a grotesque on one of 
the slides received on a plate ; a very good representation was 

procured. 

With Drummond's ll^hl^ and the rays from a lime-pea in 
the oxy-hydrogen blowptpci the same results were obtained. 



in the first experiments which 1 made for obtaining por- 
traits from the lite, the face of the sitter was dusted with a 
white powder, under an idea that otherwise no impression 
could be obtained. A very few trials sliowed the error of this ; 
fur even wlien the sun was only dimly shining, there was no 
diiSculty in delineating the features. 

When the sun, the sitter, and the camera are situated in 
the same vertical plane, if a double convex non-achromatic 
lens of four inches diameter and fourteen inches focus be em- 
ployed, perfect miniatures can be procured, in the opai air^ 
in a period varying with the character of tlie light, from 20 
to 90 seconds. The dress also is admirably given, even if it 
should be black \ the slight difference <» ilAnmination «re 
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sufficient to characterize it, as well as to show each btttton^ 

button-bole, and every fold. 

Pai ily cnsing to the intensity of sucl) light, which cannot 
be endured without a distortion of the features, but chieHy 
owing to the circumstance that the rays descend at too great 
an angle, such pictures have the disadvantage of not exhibit- 
ing the eyes with distinctness, the shadow iiuin the eyebrows 
and forehead encroaching on tfaein** 

To procure fine proo^ the best nositioa is to have the line 
joininff the head of the sitter and tne camera so arranged as 
to make an angle with the incident rays of less than ten de- 
grees, so that all the space beneath the eyebrows shall be il- 
luminated, and a slight shadow cast from the nose. This in- 
volves obviously the use of reflecting mirrors to direct Uie 
ray. A single mirror would answer, and would economise 
time, hut in practice it is often convenient to emplov two ; one 
placed, with a suitable mcchnnism, to direct the rays in ver- 
tical hues ; and tiic second above it, to direct them in an inva- 
riable course to\s ai dj^ the sitter. 

On a bright day, and with a sensitive plate, portraits can 
be obtained in the course of five or seven minutes, in the dif- 
fused daylight The advantages, however, which might be 
supposed to accrue from the features being more composed, 
and of a more natural aspect, are more than counterbalanced 
by the difficulty of retaining them so long In one constant 
mode of expression. 

But in tlie reflected sunshine, the eye cannot support the 
efihigenceof the rays. It is therefore absolutely necessary 
to pass them through some blue medium, which shall abstract 
from them their heat, and take away their oflensive hri!!tancy. 
1 have used ibr this purpose blue glass, and also amnioniac o- 
sulphate of copper, contained in a large trough of plarc l!;! 'iss, 
the interstice being about an inch thick, and tlie iiuid diluted 
to such a point, as to permit the eye to bear the light, and 
yet to intercept no more than was necessary. It is not re-^ 
quisite, when coloured gloss is employed, to make use of a' 
lai^ge surface; for If the camera operation be carried on until 
the proof almmi solarizes, no traces can be seen in the por- 
trait of its edges and boundaries; but if the process is stopped 
at an earlier interval, there will commonly be found a stain» 
corresponding to the figure of the glass. 

The camera I have used, though much better ones might 
be constructed, has for its objective two double convex lenses, 
the united focus of which for parallel rays is only eight inches; 
they are four inches in diameter in the clear, and are mounted 
in a barrel, in front of which the aperuire is narrowed down 

to inchesi after the manner of Daguerre's. 
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The cliair in w liich tlie sitter is placed, has a staff at its 
l)ack, terniinatinrr in an iron ring, that supports the head, so 
arrajiged as to liuve nioLion in directions to suit an^ stature 
and any attitude. By simply resting the back or side of the 
head agunstthis rln^ it may be kept sufficieDtly still to allow 
the minutest marks on the face to be copied* The hands should 
never rest upon the chest, for the motion of respiration dis- 
turbs them so rouch» as to bring them out of a thick and 
clumsy appearance, destroy intr abo the representation of the 
yeins on the back, wliich, if they are held motionless* are co« 
pied with surprising beauty. 

It h;is iilready been stated, that certain pictorial advantages 
attend an arrangement in which the light is thrown upon the 
face at a small angle. This also allows us to get rid entirely 
of the shadow from the back-ground, or to compose it more 
gracefully in the picture ; for this, it is well that the chair 
should be brouglil ioi ward from the back -ground, from three 
to six feet. 

Those who undertake Baguerreotype portraitures* will of 
course arrange the back-grounds of their pictures according to 
their own tastes. When one that is quite uniform is desired, 
a blanket* or a cloth of a (drab colour, properly suspended, will 
be found to answer very well. Attention must be paid to the 
tint, — white, reflecting too much light, would solarize upon the 
proof before the face had had time to come out, and owing 
to its reflecting all the different rays, a blur or irradiation 
would appear on all edges, due to chromatic abcn uiou. It 
will be readily understood, that if it be desired to introduce a 
vase, an urn, or other ornament, it must not be arranged 
against the back-ground, but brought forwanl until it appears 
perfectly distinct on the obscured glass ol the camera. 

Different parts of tlie dress, for the same reason, require 
intervals, differing considerably, to be fairly copied ; the white 
parts of a costume passing on to solarization before the yellow 
or black parts have made an^ decisive representation. We 
have therefore to make use oftemporary expedients. A per- 
son dressed in a black coat» and open waistcoat of the same 
colour* must put on a temporary front of a drab or flesh co- 
lour, or by the time that his face and the iine shadows of his 
woollen clothing are evolved, bis sliirt will be solarize<l, and 
be bhie, or even black, with a white halo around it. Where, 
however, the white parts of the dress do not expose much 
surface, or expose it obliquely, these precautions are not es- 
sential ; the wliite shirt collar will scarcely solarize until tlie 
face is passing into the same condition. 

Precautions of the same kind are necessary in ladies, dresses* 
which should uot be selected of tints contrasting stronglyt 
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It will now be readily imdentood, that the whole art of taking 
Daguerreotype miniatures, consists in directing an almoet horl- 
sontal beam oflight, through a bine ootonred medium, upon tlie 
(aoe of the sitter, who is retained in animconstrained posture, 
an appropriate but simple mechanism, at such a distance from 
the hiick-ground, or so arranged with respect to the camera, 
that his shadow shall not be copied as a part of his body; 
the aperture oi tiie camera should be three and a half or four 
inches at least, indeed the larger the better, il' the object be 
^lanntic. 

il iwt) mirrors be made use of, the time actuall} occupied 
by the camera operation N ai ies f rom forty secoiids to two 
minutes, uccoiding to the inteohily ol tlie light. If only one 
mirror is employed, the time is about one*fourth shorter. In the 
direct gtmahme^ and out in die open air, the thne vanes from 
nnder half a minole. 

Looking-glasses, which are naed to direct the aokr raya, 
after a siioit ttne undergo a serioas deterioration ; the &il 
assantntf a dall granular aspect* and losing its black brilliancy. 
Henoe the timc^ in copying, becomes gradually prolonged. 

The arrangement of the camera, above-indicated, gives re- 
wsed pictures, ^ right and left sides changing places. 
Mr. Wookiott, an ingenkm mechanician of tms city, has 
taken ont a patent for the use of an elliptical mifror for por- 
traiture; it is about seven inches in aperture, and allows him . 
to work conveniently with plates two inches square. The 
concave inii ror jH>ssesses this capital advanta<j;e over the con- 
vex lens, fhai the ju ooj' is given in its ri^ht ])usit2on, that is to 
say^ not rci't rsed ; but it has the serious iiiconveiiieiices of li- 
miting the size of the plate, and representing parts that are 
at ail distant from the centre, in a very confused manner. 
With the lens, platen migitt be worked a loot square, or even 
larirer. 

Miniatures procured in tlie manner here laid down, are in 
most cases stnkinjo^ likenesses, thon|^ not in ail. They give 
of course all the individaal pecolkurities, a niols^ a fredtu^ a 
wart. Owing to tlie circumstance^ that vellow and ydlowbh 
browns are long befiire th^ imprsss the substance of the 
DagnerreoQfp% persons whose faoea axe Irecided all over 
l^ve rise to the most ludicrous results, a whit^ mottled with 
just as many Uack dots as the sitter had yellow ones. The 
eye appears beantiftaUy; the iris with sharpness, and the 
white dot of light upon it, with such stfength and so much of 
reality and lit^ as to surprise those who have never before 
seen it. Many are persuaded, that the pencil of the painter 
has been secretly employed to give this finishing touch. 

Fka. Mag. S. YoL 1 7. No. 109. SepU 1940. Q 



Digitized by Google 



[ 226 ] 



XXXIII. Proceedings of Learned Societies, 

GEOLOGICAL SOCIETY. 

[Contimicd from p. 153.] 

Dec. 18, A PAPER was afterwards read, entitled, " Observations 
1839. on the locality of the Hyracotherium," by William 

Richardson, Esq., F.G.S. 

In 1829, when Mr. RichardBon first examined the coast from 
WhitstaUe to HemeBay, it presented an uniform* geological stme* 
ture, composed of a capping of vegetable mould, under which was a 
stratum 3 or 4 feet thick of yellow brick earth, containing in the 
upper part rolled and angular flints, mammalian remulns and fo£!i?ils 
derived from secondary strata ; and beneath, forming tlic mass of 
the diff, was London clay of s dark brown cdonr, abounding in 
septaria, selenite, pyritous wood, teeth and vertebrae of fishes, Nau* 
till with otiier characteristic marine testacea , Encrinital and Penta- 
crinital remains, find crustaceans. 

The whole of the line of coast undergoes rapid degradation in con- 
sequence of the encroachmeut of the sea and land springs ; and the 
changes thus annually produccd,eff'ect great alteratioDS in the physical 
outline of the cliflEs. The geological straeture,howerer, presented by 
them in 1829 remained for the greater part the same in the autumn 
of 1839, except at the part called Studd Hill. * At this point, the dark 
brown incoherent clay had been removed, and a deep blue, tenacious 
one exposed. A change had also taken plare in the character of 
the fossils, the marine remains having gradualiy become kba promi- 
nent and been replaced by others of a fluvio-marine eliaracter. In 
the autumn of last year, Mr. Richardson could not find a single ma- 
rine shell, and only a few fragments of crinoidal stems. Terrestrial 
vegetables have, however, become so prodigiously abundant, that 
he has obtained at difierent times above .500 fossil cones, fruits, and 
other seed-vessels ; and fragments of small trees converted into py- 
rites occur in so great quantities, that they have been removed by 
barge loads for cBoonomicd purposes, and become a sonrce of con- 
siderable profit to the neighbouring peasantry. These remains pre- 
sent no indications of having been transported from a distance. 
Neither land nor fresh- water shells have been observed. 

From the abundance of vegetables, and the knowledge that Nature 
ever directs her means as well iu number as lu iitacbs to particular 
ends, Mr. Richardson inferred, that remains either of quadrupeds or 
birds would be found in Studd Hill ; and though his search was long 
fruitless, it was at last rewarded by the discovery of the portion of 
the Hyracotherium described by Mr. Owen in the preceding memoir. 

January 8, 1 840. A paper was first read, on the carboniferous and 
transition rocks of Bohemia, by David T. Ansted, Esq., F.G.S. 

After alluding to the difficulties which beset the researches of a 
geologist in a country so little frequented as that visited by himself, 
and noticing the granite and gneiss mountains which constitute the 
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south-eaptern and suutli- western boundaries of Bohcmiii, he proceeds 
tu Uiu mam object of the memoir. The district described by Mr. 
Anfted is induded within a triangle, having the country between^ 
Luditz and Pilsen for a base, and Prague for its apex ; and its struc- 
ture is explained by a scries of sections from Luditz to Pilsen-— 
Radnitz to Rakonitz — Zehrak to Ginetz — and Przilep to Knrl stein, 
all of them being more or iesa in the dip of the ptratn. Hie fonuiitions 
composing the district, are granite, gneiss, grajwacke, coal mea- 
•uzes^ tnp neks ai^ aecnm&tiiiDS anpeifidal dehris. It is stated 
that a line diawn from Eger on the west to Prague on tte east 
would completely separate the sedimentary deposits of a newer date 
than the c^bonlfcrous system from the coal measures and transi- 
tion rocks ; and that the latter occur only to the south of the line. 
Near Eger is a small local dopu!?it of upper tertiary sandstone, men- 
tioned by Mr. Ansted on account of its containing myriads of fossil 
infusoria cases. 

Sec/ton 1. Luditz to Pilsen. — Luditz stands upon a range of round 
topped gneiss hiUs, but in a depression between two of them ; and 
abont 3 miles from the town, is a bed of thinly laminated micaceous 
sandstone, containing a few obscure vegetable markings, and believed 
by Mr. Ansted to be a recent deposit. Proceeding in the direction 
of Pilsen, the gneiss is succeeded hy a hard cherty stone, considered 
by tlie antfaor to belong to a rock which underlies the coal mea- 
sures in other parts of £e country, but to have been protruded at 
this point by igneous agency. The next hill is formed of trap, and 
beyond it, is a bed of similar cherty siuuls<tone, covered up towards 
the S.£. by the red conglomerate on wliich Alanotin is built. To 
the south of this town, slate rocks are finely developed for several 
miles, fomdng precipitous difis, with the strata dipping to the S.E. 
They are covered in part by gravel, and are succeeded by rotten 
shales, assigned by Mr. Ansted to the graywackc system . lliese shales 
are visible for only a short distance, being suijerficially replaced by 
a thick covering of gravel, which extends for ten miles. At the end 
of that distance, hiUs of sandstone commence, and contain near 
Pilsen workaUe seams of coal. The sandstone is coarsely gruned 
and not very ooheraoit ; and the coal bands, which are accompanied 
by shales, are of variable thl( 1 nc ^s. The dip is very small, and to the 
S.E., but the stratification is totally unconformable with the gray- 
wacke. Pilsen is situated on a little stream, which unites close to 
the town with the Beraun ; and the eastern limit of the sandstone 
seems to be a small tongue of coarse grit, which reaches tlie Beraun, 
and eiposea a bed of coal on its western bank. At that p<nnt, how- 
ever, the giaywacke comes in, having been brought up by a mass 
of trap. 

Section 2. Radnitz to Rfihonitz. — The direction of this section 
is nearly S, and N., Uauaitz being about 1 '2 uiiles east of Pilsen, 
and iiakonitz 2U miles east of Luditz. Ivaduitz stands upon an in- 
coherent coal measure sandstone ; and two bands of coal are worked 
a little south of the town. Beydnd the sandstone rises a hill of 
graywacke shale, protruded, Mr. Ansted believes, by the agency of 
a mass of trap visible a short way off. To the nordi of Radnitz is 
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an ul^rupt hill of the shale, considered to have been also brought up 
by a fault ; and on its northern face commences a broad valley 
formed of coal measures, and bounded at its further extremity by 
noflwr bill of graywadw, likewiie tiwowii up by a fiudt. Coai m 
irorkedotttbnendeBof tfabbiU. Hi* gnywidiie oooliBiws dwoce 
Ibr six or seven miles, when the oo&l sandstone ^im oonitiftCi 
the-surface for a short distance (2 miles), and, after another intcrra! 
occupied by giaywacke, reappeaxs focmiog the oountiy around Ba- 
konitz. 

Section 3. Zebruk to Gineiz. — This section refers to a more 
southerly part of tlie dutxkst, and t i mver i o a portion of liw cool 
iDflasiffeB atoated iooth of that Ime of gray waek» 
FQieii to ftagoe, and iepanftea, exoept at one point, the coal Md 
connected with the two first roctaons, from the district about to be 
noticed. At Zebnik, the point just mentioned, the coal mea^iires 
intersect the ^aywacke range, inconsequence apjtarcntly of a fault; 
and the section commences at Zebrak in graywacke shale near 
the junction of the coal measures with the graywacke. These shales 
<extend to Honeowitz, where they are overlaid unoonfbfnukbly by the 
coal sandstone, wfaieh oonatltiites the surfiice of Ae ooauitry &r 
aboat two miles. At that pcMnt'ia a hill, on the summit of which 
occurs a cherty sandstone considered by Mr. Ansted to be the base 
of the coal measures nnd to have been forced up into its present 
|>osition. The beds dip about 60^ S.E., and rest apparently upon 
a very coarse, hard, red conglomerate, to which succeeds a va&t de- 
velopment of shale* containing occasionally Trilobites. This divi- 
sion of the grajrwadK aeries* Is at some distance, eo?ei«d again hf 
tiie conglomerate npon a change of dip, and tiien continues neartf 
three miles to Ginetz, with the strata nodenlBly induied to the 
N.K At that town a band of limestone OGeun lepaftod to be nch 
in 1 rilobites. 

Section 4. Prsilep to Karlstein. — Thk section parallel to the 
last, and crosses tlie line of country between Pilsen and Pramie. 
Two or three tdeimUy thldc heds of ooal «re wabad near Ralep 
and supply Prague witibi fuel. Fossils slso are not defidenl. Aboot 

6 miles towards the nortii-west, other but inferior hcda of coal am 
wrought ; but towards the east, the coal thins out between loftypn^ 

cipioe? of «lia1e, which form a narrow ororge. Pursuins" t!ie line of 
section towards the south-east, the ilinction of the dip, and at no 
great distance from Przilep, the coal liasin i;f slmt in by the steep 
face of a hill. At this point, Mr. An&Led believes, that the lower 

beds of the coal measures are not only broug^npto hot are bent over 
the upper* becansc* though Ae dip of tiie strata is to the SJI. or 
in the durection of the section, yet* on the summit of the hill above 
mentianed* is exposed an excellent natural surface of chert ; and in 

a qnnrry near the top the inclination of the beds is about 25** S.E. 
or m the rcLniUur dip of the coal measures ; and in a narrow vidlcy 
nt the bolLuin of a somewhat rapid descent, the lowest division of 
tlie graywacke is exposed dipping S. or actually overlying the coal 

measnres. This inversion of superposition* Mr, Ansted ezplaiaa bf 
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n5»«nmm«x, th;it the c^nitc comes near the surface, and that hy its 
agency tlu_ L'raywacke has been thrown into a trough, and its lowest 
beds su bi ought up to I c made to rest against inverted buls of 
the coal measures. Proceediug in the lioe of sectioa, the author 
iMmd in grajnvadBO eluJe, portioiM of « IVIiuidm^ WMkm or* 
tmtmt. ('tim, Ihrmgue Natumal Mw. 80a. 1883.*) 

The graywacke shell extends with contavted strata to an anti* 
clinal hill of limestone, beyond which occur broken and rotten 
shales, then limestone, next shales* ncrnin. and lastly the picturesque 
limestone hill of Karlstein. Further t^oulU is a valley of graywacke 
bauaded hy mi altered rock, which, is succeeded by granite. The 
Karlstein HiwistAnft is stated to be identical with that at Oinetz, 
(tee aeetum 8) and the two odier loealitiM in the pn&aA iine of 
section. It IS <^ a pale blue colour, very bwd* OOnttlna Mfefil IfMCiM 
of Ostfaoem and IVilohiles, and is of great cecononiioal importance. 
The recurrence of the enme Hmc?tone nt different points, Mr. Ansted 
explains, by supposing, that tin- L^nunte in these cases, is al^ o near 
the surface, and that a tli^j placement of it bent the yielding ijliales, 
but 6uapt asunder a briltie band of limestone once continuous, the 
poctloiit of i^ueh, not wKMned hj mboeqnent cyn rti oi M b an ci» 

hibitBd Ut noanti WMW i t i mMMi tn Am tinm of MiCtM)H s ^i*^ tiiat 
cnnscqtwioes of thmt opmtions have been, a disturbance in the re- 
gular succession, and an exhibition of the beds in the following order : 
granite, altered rocks, newest gmywaoko with limeetone* okU»it gimy- 

wacke. cohI measures. 

In conclusion, Mr, Ansted offers the follow ing observations as the 
results of his examination of this portion of Bohemia. The gray- 
wtdtt aeriet ia impedeetly developed, preaMiting at only one spot a 
paaaage npiraida into the carboniferous aaiiaa, and no paiaage down- 
waida into tiia paywaolEe, raating always unconformably npon it ; 
the secondary rocks arc also very impcrfertly developed, the mountain 
limestone being absolutely wanting, and the only indications of 
bed- newer than the coal measures being a red LoiiLrlomerate, into 
Aviucii they pass upwards. The Hora of the coai measures is how- 
ever well known to be rich, and to have yielded near Radnits the 
foaaili described by Connt Stembcrg. A genna allied to Sooipio ia 
alao stated to have been finind in thiem. The fossils of the gcay* 
waidK are said to be not very numerous ; but the XVinucleus ap* 
pear« to be abundant on the line of road between Prague and Pilsen ; 
and in a gorge near Lodentz, ?\bout fourteen iiiili'- from Prague, is 
a quarry which yields shells and othi r (jr:::aiuc rt inaius; and on the 
oppcraite side of the road, near the same spot, aimiiar fossils may be 
obtained* IVilol^taa occur at Oineta, aiul Orthoena at Kariatem ; 
and both these localities and the neighboiirfaood of IVagoe are men- 
tioned aa rioh in organic remaana. The THavelnw Garacfoa ia 
atated to oeciir near Zebiak.t 

* lauKMioiit ef ibelb were else Ibti&d by the andtor fa a grayish sand 
rode, a Uttle nearer Prague ; and Uie Trinucletis is found al Zebrak and 
Praskoles, on fhf south side of tlie high road about 10 miles sooth of iknnuk 

t i^ee the fas&ilii of Caradoc sandstone, Silur. SysL 23» f. I. 
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A letter mm afterwards read, addressed to Dr.Buckland, P.O.S. 
hj the Rev. John Gtmo, ajid dated Dee. 2lBt, 1839. 
This letter was accompanied hy tiiree puramoudras from the chalk 

near Norwich ; and they had heen selected by Mr. Gunn on account 
of one of them presenting a tuberculatcd exterior, a character which 
he states a pararaoudra commonly H«siimes wlien it is m contact 
with horizontal lines of nodular flinu ; uud thv utlicr two had been 
ehosen because Belemnitee and shdDa are imbedded in their sub- 
stance. The letter contains some observations on the irr^inlarities in 
the suHace of the Norfolk chalk, and on the pipes or sand galls by 
which it is penetrated. With reference to these tubular hollows, 
Mr. Gunn refers to Mr. Lyell's description of them, read nt the 
meeting of the British Association at Birminghaui, but he calls at- 
tentkm to their being constantly filled in the district examined by 
himself, with sand, gravel, or crag, to the totid exdusion of all ma- 
terials bclonii:ln^ to the strata between the chalk and the crag ; and 
he tlicreforc infers, that the sand galls were not eroded during the 
eocrnt^ period, but that 'during that long period the Norfolk chalk 
was denudatcd. 

The letter was ah>o accompanied by some specimens from the 
boulder* contained in the dEuTial (drift) strata of Norfolk and Suf- 
folk. Mr. Gunn is of opinion that these masses of rock indicate 
what were the strata that formed the sliore against which the (so- 
called) diluvial waves washed ; and that the maffcs were home out 
to sea in a similar manner to the portions of clitF now annually de- 
stroyed by tlie waves. If the bottom of the present sea were raised, 
he sap it would present features analogous to those of the crag and 
diluvial formations of Norfolk and Suffolk. 
^^^^^ - __— — ^» 

XXXIV. Intelligence and Miscellaneous Articles, 

PHENOMENA 07 CALEFACTION. 

MBOUTIGNY has read n pnpcr before the Academy of Sci- 
• enccs on Calefaction, by w! i< h form he designates the singu- 
lar phaenomenon presented by w ater when drops of it are thrown 
Upon a very hot metallic surface. 

It has generally been supposed that this effect is produced only 
at a very high temperature, but M. Boutigny finds that it occurs in 
a lead crucible, and consequently below 612*^ Fahrenheit. 

M. Boutigny has obscn^ed also that wther gradually dropped into a 
platina crucible nearly red-hot, calefies as well as water, that is to 
say, the mass becomes round, without the occurrence of any appear- 
ance of ebullition, is afterwards rapidly agitated, and does not 
seem to wet the crucible. The quantity, however, goes on dimi* 
nishing. but much less rapidly than if the vessel were cold* Du- 
ring tliis plow evaporation, a very irritating vapour arises, which 
does not at all il-i inble that of scthcr, but which in smell greatly 
resembles aldthyde, and of this the author supposes it to consist; 
the presence of air appears to be necessary to the production of this 
vapour. Hie commissioiier to whom M. Boutigny 's paper was 
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eonagned, made, an mterestmg observation : having immened a 

piece of litmus paper into the crucible to try whether the vnpour 
was acid, he observed that the part immersed retained its colour, 
whilst that which was even with the orifice of the crucible became 
evidently red. The temperatme was therefore higher in this place, 
audit is to be prenuaedtluit flow combiutiosi took plaoe analogous 
to that wliich occurs in the intefeatmg experiments of Dobereiner. 

Anhydrous sulplmrous acid presented M. Boutigny with phaeno- 
mcna still more remarkable than aether; he found that M'heii ?i little 
of this^ acid dropped upon a platina capsule heated nlmo-t to redaess, 
the drops were atiougly agitated, became rouud, immoveable and 
opalescent* and aeem^ even to crystallize. The smdl apheroid when 
placed on the hand produced a sensation of cold. 

M. Boutigny miB of opinion, that in this case the sulphurous 
acid suffered so ^eat a dimintition of temperature that it solidified. 
The commissioner rejects this explanation, and is satisfied with ad- 
mitting, that the acid under these circumstances evaporating more 
alowly than in the open air, produces nevertheless, by this slow eva- 
poration, so conaderable a degree of cold as to congeal the moist- 
nre of the surrounding air, and to become hydrated. This explana- 
tion is apparently confirmed by the fact, that if the small solid 
globule be rapidly projected into a tube, and it be immediately 
corked, the c:;lo])ule di^fap])car9, but leaving in the place which it 
occupied a dew, that remains even when the tube is uncorked. 

M. Bontigny is of opinion that the phaenomenn described nay 
be connected with the explosions in steam-boilers, and he is stiU 
ocenpied with the subject, and has made a great number of experi- 
ments \\\\\\ different liquids, and particularly witli nlcohol of dif- 
ferent degrees of strength, with jcther, oil of turpcutme and lemons, 
and with alkaline and acid solutions. — Jounuil de Phai m., Mai, 
1840. _ 



HYDROMELLONIC ACID. 

Discovered by L. Gmelin. Prepared by dissolving mellonuret of 
potassinm in boiling water, and adding to the solution hydrochloric, 
sulphuric, or nitric acid. A dirty white i^eiatinous precipitate which 
dries to a yellow powder, the hydrate(i hydromellonic acid. It is 
slightly soluble in cold, more freely in hot water, has a slightly add 
leaetion, and is not deoomposed by hydiocfaloiic and nitric adds. 

Focmnla + H; eq. ss 94*32. TWwer't EkmmU CAe- 
mktnft p. 796. 

rUROMIC ACID. 

M. J. Fritzche preparth chruuiic acid by the careful addition of 
concentrated sulphuric acid to a hot concentrated solution of bi* 
ehromate of potash ; a enmson bulky predpitate is obtained, whidi 
u dried first by heat, and afterwards ta wuuo. This is entirely 
chromic add, which is to be washed to get rid of the mother water, 
and of the sulphuric add whidi adheres to it. The author could 
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not obtain the compoimd of suli>huiic and chromic acids described 
by M. Gay-Lossac in the 16th vohunc of the Ann. de Chim. el de 
Pkys.t aad he is mclined to question its exl8teDce«-~L'iASlt/ii/» 
No. 341. 



C0HF08ITI01I OF CRT8TAIXI2BD PBOSFBOHtC AdBw 
In tiie opinion of Ptof. Graham* piuwphorie add may oomhow 

with water in three different proportions, and form a pluMphatB^ 
biph(wphate, triphosphate of water. The existence of these com- 
pounds has hitherto been hypothetical, except the first, whidi ap- 
pears to be vitrified phosphoric acid. The analysis of crystallized 
phosphoric acid has not yet been attempted, or at any rate not yet 
published. M. Peligot has attempted to supply this void la tiie 
loBtory of phosphoric acid, \rf analysing crystals wniob dowly fonned 
sponlaneotiflly in bottles filled ^th syrupy phosphoric ac^ One 
of these bottles contained two very distinct crystalline layers. The 
upper crystals were transparent and hard ; the lower oneaweie aoi^ 
and had the ajipcnrance of sugar of honey. 

The crystals, separately collected, were dried 'ui vacuo, on plates of 
abborbcnt porcelain ; tlie quantity of water was determined by cal> 
doing them witii oxhie of lead* Aooordingto M. PeGgot's analyses, 
the upper ciystals contained from 27 to 28 percent, of water, and 
the lower crystals 22 to 23 per cent. 

TTie extreme avidity of these crystBls for water, renders a precise 
analysis of them very diiSicult ; if, as theoretically supposed by 
M. Peligot, hydrated phosphoric add containing three cijuivalents 
of water ought to contain 27*4 per cent., and the bihydrate 20*1 per 
ceuL., it will appear probable that the cry^talii examined were in fact 
tiiese two hydrates. Their properttes also oonoborated this opinioa; 
fonr Ihe most hydrated add, when saturated with ammonia, piedpt- 
tated rilver of a yellow colour, while the second predpitated it wUiaw 
^JmtrnoidgPharm^ Juin» 1840. 



DlT£CriOH or ALCOHOL IN SflSBimAL 01L8. 

For the above purpose M. fiorsardli employs a small cylindiieal 
tube closed at one end ; this is two*thirds filled with the oil. and tfaero 

are dropped into it small pieces of chloride of calcium, which are 
qnite dry, nnd free from powcler ; the tube is then closed, and heated 
in a \v:itLT-l );i,th to 212^ tor four or five nnmites, taking care to agi- 
tate it otcasionjdly, and to allow it to cool j-lowly. 

If the essential oil contains a notable prupurtiun uf alcohol, the 
chloride disMlves entirely, and fbnns a li^aid stratum, whiefa oocn* 
pies the lower part of the tobe, while the emential collects in tiia 
upper. If Ae oil contains only a very small portion of alcoho!* dm 
fragments of chloride of calcium effloresce, lose their form, and 
unite at the bottom of the tube into n white ndliesive mass ; when 
it is quite pure the pieces of dilocide suilei no chauge, even in thdr 
form. 



Digitized by Google 



IniMgeuce ami MiteeUamam Artidet. StSS 



It k proper to observe, liiat in tr3riDg an eiaential oil it is right 
to employ but a wysmfttt portion at fint^eadto add sneeessive por« 
tions gmdually ; otherwise, if the proportion of alcohol be very small, 
it may be absorbed by the chloride \nthout sensibly altering it. and 

even without -howinti" its pre«^enrc. It is easy "vvhen the operation 
is over to detcrnune the proportions of a mixture of tdcohol and 
essential oil, by comparing its weight or volume with that of the 
pure oil which floats upon the alcoholic solution of the chloride. 

The aame proceae, the anUunr etatei, may be employed for deCei^ 
mining the quantity of alcohol which »ther contains ; but the tube 
should he longer, tmd not too perfectly dosed.— Jioenw/ i$ Phtanm*, 
Juin» 1840* 

CBCONOMICAL PREPARATION OF ACETONE. 

M. Zcise of CopenhaGren observes, that when a considerable quan- 
tity of acetone isrequiivd, the method « usually employed nrc too ex- 
pensive, and he recommends the following process : mix thorough- 
ly one ]>art of well-powdered quicklime with two parts of powdered 
orystali of acetate A lead. Soon after the mixture is made* the 
line nsmdly begins to heat TioleBdy ; hut as no smell of acetone ia 
perceptible, there is no sensiUe loss of it ; it is better to pat the 
mixture into the distillatory apparatus before this heating occurs, 
boon use afterwards the mass i? rrrrnt that th e introduction i? more 
dirticult. M. Zeisc states that ho has not found it advantupreou^ to 
attempt getting rid of this circumstuice by employing slacked liine ; 
for in this case dried aoetate must be used to prevent m prodnct from 
containing too mneh water, and tiie drying of the aoetate ia more 
troublesome than powdering the lime. 

The ixcm bottles in which merenry is imported, suit for this ope- 
ration extremely well ; four pounds of the acetate may be operated 
upon at once ; the bottle is placed almost horizontally in thi- fur- 
nace, but so that the openintr is rather raised ; to this a slightly 
curved short tube is adapted, and luted with u uiixLuie of clay, 
chalk and aalt, and this enters into a g^asa tobe tdieienthr lai^e, 
properly carved and anironnded with a tin-plate pipe, in whteh an 
ascending current of water is kept uj^ ; and lastly, to this a receiver 
suriYMtnded with ice is attached. The heat is slowly raised, and it 
is only towards the end of the operation that it is increased to red* 
ness. 

The prodnct is a mixture of acetone, a small quantity- of water, 
two oily substances, which ure less voiulxk than acetone, one of 
which is nroMly the dnmaaine of Kane. 

From wis product pore acetone is obtained hjrdissdlvinfip chloride 
of calcium in it* distilling the solntion in a water-hath, tmtil at 212^ 
nothing more passes over ; the product is to be again treated with 
chloride of calcium, and tbree-fonrths being distilled will he found 
to be pure acetone. 

On adding water to the residue, the oily bodies are separated 
from the acetone, which dissolves in the water and is separated from 
it by chkMidc of calcinm. 
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From about 8 pounds of crystallized acetate of lead, M. Zeise ob- 
tained by the process now described from 10 to 11 J ounces per- 
fectly pure acetone^-— Jus. de Chun, el de Fijfs„ t, IxxiL 



M. Zeise obpenTs that the formation of a compound of carbon 
and platina has been hitherto ineifectually attempted ; he ha?, liow- 
ever, succeeded iu procuring by means of decomposing aceclilor- 
platina by heat. 

When aoechlor-platina is heated in a fetort, to vhidi a reeeifcr 
is adapted, witb a bent tube, it begins to decompose and yield % 
little gas at about 419° ; at 464** the disengagement of gas is plenti- 
ful, and a brown liquid distils. This continues with the epradtial 
increase of the heat up to 527°, a little colourk*?'^ l'(;u!(^ coming 
over from time to time ; at 57 2" much gas and liquid were pro- 
duced ; when this heat ceased to produce any effect, the retort was 
heated to ledness in the sand-hatn; this oeeasioned a eopioiis dis- 
engagement of gas ; so that the qoantity obtuned at this period 
was gteater than all previously pfoetired, but the quantity of liquid 
was much smaller; when neither g-a? nor liquid xs-a? ohtalncd, the 
operation was stopped, and the residue cooled out of contact with 
the air. 

The distilled liquid contained so much hydrochloric acid that it 
imohed in the wir, aad^iAen miaodwitii 'water it gave an oily liquid 
which floated. Its odour was resinous and aemreal: the vdnme 
of the liqnid WAS conriderably diminished by treatment with water. 

The gas was a mixture of hydrochloric acid and an inflammaMe 
which was i^rohahly protocarburet of hydro^n, and there were 
traces of carbonic acid. The residue was black, slightly colierent, 
and free from metallic particles. The slo^Yness witb which it burnt, 
indicated that it was a ciieuucai compound of carbon and piatiua. 

hk the flnt experiment 100 peztB of aceelilor-]da(mn yiddad 
60K)107of otthmet of platinn, end in tiie seoond ti(r708 ; Hie men 
b 60*362. 

On the supposition that it is abicarburet of platina, 100 parts of 
acechlor-platina ought to have yieWed G0"347 pnrts of carburet. 
Then as 1(K) parts acechlor-platina, and consequently 60*362 of 
carburet of platina, contain 53*692 parts of platina* we have f(xc 100 
parts of carburet of platina, 



Osle tt hti on gives 11*0SI9 carbon, and 88-971 platina; il retained 
scarcely a trace of ddorine. Carimret of platina may also be ob* 
tained by heating to redness a mixture of acechlor-platina and hy- 
drate of lime.-^'ilwi. dt Ckm, «t it Pkg:, t. Uui. 



CARBURET OF PLATINA. 



Carbon 
Flatina. 



11-041 
88-959 



100 
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SCniPHATB OF CARBTLB. 

M. E. Magnus states, that when anhydiDiu anlphtiric acid is ab« 

sorVjtd hv nb-olutr nlrohol, there are formed, under the influence of 
particular circumstances, white silky crystals in 'the alcohol ; they 
are a sulphate of carburetted hydrogen, to which M. Magnus gives 
the name of sulphate of carbyle, from carbo and hydrogenium. The 
method adopted wbb that of exposing the alcohol in a small tube to 
anhydrouB sulphuric acid in a stopped receiver. Giystals <u\ rarely 
formed immediately ; the tube must be put into a second receiver 
containinn- sulpliuric acid, and sometimes even into a third. For 
the -ulphuric acid in the receiver also absorbs nlmliol, wliich causes 
tii(i ccsbHtiou of the ab^rorptiuu of the acid by Lhc alcohol which is 
contained in the tube. The formation goes on without the disen- 
gagementof aulphurous acid. 

The crystals which form in the alcohcd tabe are, it is true, sur- 
rounded with fuming acid, hut M. Magnus succeeded in isolating 
them. In pouring off the liquid acid which filled the iuter.stices, 
they yield abundant vapours : they rapidly attract humidity from the 
air and deliquesce ; to dry them they were placed upon a plate of 
baked day, slightly heated in the air-pump over sulphuric acid until 
they yielded no more Ti^our. 

"When aether was employed instead of nlrohol, no crystals were 
obtained ; it is posi»ible, however, that under some circumstances 
they might be formed ; the ex])eriment confirms the j)revious state- 
ment of M. Magnus, that when eether is absorbed by auhydrous 
sulphuric acid, heavy oil of wine is always produced, which is never 
the ease with absolute alcohol. This may be regarded as one of 
the strongest objections against the opinion that alcohol is a hy- 
drate of aether; for if this were the case, the sulphuric acid ought 
tn rt inovc the water, and then act upon it as if it were «ther. which 
evidently does not occur. 

When theie crystals are cautiously heated, they Aise wi1]i0ttt de- 
compositioo, and on cooling become a crystalline mass. They com- 
bine with'water and alcohol with the disengagement of heut, and 
by evaporation they do not separate from the solution. The 
aqueous solution, saturated with barytes, yields soluble salts with 
a little sulphate of barytes. The quantity of sulphuric acid ob- 
taiucd waii vaaable, and appeared to be eliminated by the action of 
the water. 

The solnble bar]rtic salts are ethionate of barytes and a little 
isethionate, and it appears to be the conversion of ethionic into 
iseth ionic acid, which produces the sulphuric acid. 

J3y analysis sidphate of carbyle a])pears to be composed of 

Sulphuric acid b4 li30 

Carbon 12*955 

Hydrogen 3*115 

100 

It is therefore a sulphate of carburetted hydrogen^ or 1 equivalent 
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of salphuiic acid 40+1 equivalent of eaibiifeNDd hydrogen 7« n- 
milar to that formed by the action of anhydrous subline acid om 
olefiaiit gaa.*-'.^bM. 40 Ckim, ti da Fkjf9„ t, Ixsii. 



ON HELLENIN. BT M. C. GERHARDT. 

This substiince, obtained from Inula hvllvnittm, is to be distin- 
guished from inulm yielded by the same root. It is readily obtained 
by treatiiiff the fipeah toot of the elecampane with aleahol of sp. gr. 
0*837 ; when the ezceu of alcohol » sepaiated hy diBtilhtiop, the 

concentrated liquor becomes milky by cooling, and deposits abun- 
dance of crystals. They nre purified by redissolving in alcohol and 
recrystallizmg. When the root i? distill^^ with water, downy 
flocculi» which are very wliite pure heiienin, are obtained in the 
receiver ; but the quantity is so small that it is better to employ 
idcohol. 

HeDenin cryBtaOiieB in Ibar-oded primn; they are perfectly 
white, their smell and taste is extremifty weak, and they are lighter 
than water. They are insoluble in water, but very soluble in ether 

and alcohol, and these Folution? are precipitated by water. It dis- 
solves also in all proportions, in essciitiid oils and in creasote. It 
may readily be pulvcri/.Ltl when it is rendered impure by the re«in, 
which always exi^iU witii it ixi the root. Its fusing point is about 
161<>Fahr.; it hoils at 537** to 586*', and TOlatiHiaa before it boOa, 
exhaling n very weak odonr* At fbia tempeiatnxe, however. It k 
more or leaa altered, so that the density of ila ^apoiir cannot he 

Wben heiienin is fused at a c:entle heat, it recrystallizes in a 
mjuss oil cooling ; but if the heat be continued fnr some minutes, 
the mass on solidifying does not possess a crystal Ihio texture, but 
resembles resin in appearance. The caustic alkalies do not decom- 
poae hdlenin, even idien heated, a property whidi it pooMaica in 
common vdth aeveral anbatancea, anch as camphor, the ofl of anU 
aeed, mint, &c. On heating it in a sohition of potash, it first fuses 
and eventually dissolves, and on the addition of hydrochloric acid 
the heiienin is precipitated without alteration. When lieated with 
hydmte of potash, a great part of it is volatilized, whilst another 
portion is carbonized ; on dissolving the mixture afterwards in water 
a slightly brown coloured lic^uid is obtained, which becomes sii^litly 
toihid on tiie addition of ados. 

Adds act upon heUenin as they do upon the greater part of 
eaaential oils ; concentrated anhibnric acid dissolves it at common 
temperatures, forming a red coloured solution, without the evolu- 
tion of any sulphurous aeid, provided no hcn.t be employed; never- 
thelesi? alter a considerable time the mixture becomes black, as if 
acted upuu by iieat. The solution then contains a certain quantity 
of a peculiar acid, to which M.Oerhardt has ^ven the name of 
pho-hdlenie add. 

When hydrodUorioacid gas is brought into contact withheDeni^ 
it abaofba a large qnantity of ttw gas, and a liquid of n ?iolet eo* 
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lour is tamd; wlien MqMwed to the air it eihakB bydiodilofie 

acid. 

Nitric acid of middlings strength dissolves hellenin without the 
evolutioa of any hyponitrous acid, and water precipitates it unal- 
tered ; when the mixture is heated the hellenin is converted into 
wlttt M. Oerliaidt calls mVro-M2mii^ 

Concentrated acetic add dinolres hdleiiiii ; the solution is colour* 
less, and deposits by evaporation unaltered eiyatals of thia substance; 
water precipitates the solution. 

Anhydrous phosphoric acid acts upon hellenin as it does upon 
ounphor, converting it into a carburetted hydrogen, which M. Ger- 
haidt has named kSkntm, 

Cold chlorine gas does not act upon hellenin* nor even when ex- 
posed to the direct rays of the sun ; but when the mixture is heated, 
hydrochloric acid is disengaged and a resinous body is formed, in 
which a ce rtain number of atoms of hyclroLj^ea are replaced by au 
equal number uf atoms of cMoriiie ; a drop ut bromine produces with 
hellenin an effcrv'escencc of hydrobromic acid ; the product is of a 
yellow red, dissolves in alcohol, and is precipitated from it by water. 
It is probably a compound analogous to that formed with chlorine, 
and the author terms it hydrochlorate of chlorehellenin. 

Bichloride of tin and ]>rotochloride of antimony, the latter in 
a state of iu^rion. colour hcllemn of a deep red colour, exactly like 
concentrated sulphuric acid. , 

When distilled mth lime, hellenin yields a yellow inflammable 
liquid ; it is neutial, does not mix with water, and in smell resembles 
acetone. 

The analysis of hellenin performed by M. Gerhardt agrees nearly 
with that of M. Dumas, and he considers it as constituted of 

30 atoms of carbon 1146*6 77-92 

20 atoms of hydrogen. • 134*8 8*41 
2 atoms of oacygen 200*0 18*67 

1471-4 100 
In composition it more neaily apjiroaclics creosote than any otlier 
substance, which, accord iii>^ to Ettiing, contains 

Carbon 77-42 

Hydrogen 8*12 

Oxygen 14*46—100 

Aim. de CAisi. H de Pkys., t Izxu. 



CHEMICAL AND COKTACT THEOUIES OF VOLTAIC ELECTRICITY. 

After giving an extract from Professor Faraday's Sixteenth Series 
of Researches, of which an abstract appeared in Lond. and Rdinl). 
Phil. Mag., vol. xii. ]) l*i*2, M de la Hive remarks. "The question 
of which Mr. Fiuaday truata m the memoir from wiiich the fore- 
going extract is given, is the subject of a warm controversy at ^ 
present time, especially in Gennany, where the partisans of the 
voltaic theory of contact are numerous. Tlie authority of Mr. 
Faraday, and the clear and decisive manner in which he declares 
himself in favour of the chemical theory, are of great weight ; the 



Digitized Ly ^oOgle 



sad Jntelligenee and Mucellaneom Artideu 



nuneroaB iftvoiligaftiims wluoh this philoaopto hat Mde in eke- 
tnakft and his great piactical aoqnamtanoa witli Tottaie affaimtaay 
give great falva to Jiia opinioiiB an tha origin of y6utm aleo- 

triclty. 

" lu be^iniiiiiL" the memoir here aiiudcd to, he has done me Uia 
honour to mention that I am one of thoi^e who have most strongly 
pleaded for fifteen years in favour of the chemical theory ; he has 
rqieated most af tiia oipffriiaanitB npon whioli I hava reatod tBif 
opinion* and he haa iband them conaot. I hope soon to he aUo* in 
like manner, to take up the experiments lately made in Germany in 
favour of tlie theory of contact, in order to show that they arc in 
no way cojitrury to the chemical theory, and to add to this theory 
some new direct proofs. At the meeting of the ^ocidU de Pf^s. et 
j^Bki* Nat ift GMav, on tiia 31ft ol May ]ait« I xaad n aunoir on 
this anlgael^ which npill afipaar in ona of our aarUeat Narnben."-* 
A* on 1^ Rivx, BiUiolttfM VmummXU^ 



HYDROMELLONIC ACID AND MI. I AI.LIC OXIDI S. 

The hydromellonic acid is decomposed by metallic oxides into a 
metallic mellonuret and water ; it decomposes the carbonates botii 
in the dry state and in solution, and the iodides and bromides on 
Anion, ita oompoonda with fha alkalhie metallie ondea and fnth 
tiio earHia are insoluble in water. 

Mellomtret of Potassium . — Prepared by fusing sulphoCyanuret of 
potassium in a porcehiin cnu-iblc at a red heat, and addini^ mellon 
as long as an evohition oi suljjliurct of carbon and sulphur ib rc- 
marlced. A brown opake gla^^y mas& is obtained, wliich dissolved 
in hmling water yieldi. aa tiie lolution cools, hvdxated crystals of 
mdlonaret of potaaainm. It may also be Ihrmed by fusing 5 paita 
of cUoiide of nntimony (butter of antimony) with 8 parts of sul- 
phocyannrt-t of potas?ium. and removing by boilinr^ water the soluble 
portions of the residue after tlic escape of the sulplmr and the snl- 
phuret of carbon. It is also formed as a secondary product in tlie 
process for the preparation of the salphocyanuret of potassium ; it 
18 pieaent in the aolntion in small, but in the readne in larger quan- 
tity, from which it may be removed by boiling water. 

Prop. — Crystallizes from water in colourless fine needles, which 
unite into dense flakes; a concentrated solution con£*'Pals to a soft 
white mass, wliich is with dilheulty di.^soivcd by cold water ; the 
crystals contain water of crystallization, which ihey lobc at a high 
temperatare ; they then fuse without loas of weight to a clear yellow 
glaaa. The aointion ia taatalaia, and predpifittea aU earthj and 
metallic salta. 

By fusing Piilpbocyanuret of potassium with mellon, the sulpho- 
cyanogen is liberated, and is instHntlv decomposed hy tlie iilgh tem- 
perature into sulphuret of etul;nii, -uljihnr. and mellon. liy fusing 
I eq. chloride of antimuuy witii 4 eq. suiphocyanuret of |»otassium, 
there are fisfmad 9 eq. ebkrida of potaaiiom a KCS, 1 eq. sulphuret 
of antinion7SbA»2aq.aQlphuiatof cai:bon2C8» 1 eq. nMlknunat 
cf potaaunm KC^^* and 1 eq. of free aol^phnr. B7 Mng lenocy^ 
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anurct of potaj^&iimi with sulphur, the sulphocyanuret of potassium, 
and Bulphocyaniiret of inm» aie foimed ; 4 eq. of the latter decom- 
pow into 4 eq. tulphnret of iron 4 Fe S, 2 eq. sulphuret of carbon 
2CSs, and 1 eq. of mdlon, which aa toon as it is formed decomposes 

1 eq. of sulphocyanuret of ]>ot{is8ium into mellonuret of potassium 
and sulphorvnnoL^on ; thi liitter is further decomposed into sulphur, 
sulphuret of cai bun, and melion. 

Formula K + CgN^ ; eq. = 132*47. TWnwr'f Elmenis of Cile. 
mittrf^ pp. 797, 798. ' 

CYANILIC ACID, 

By a long-continued boiling of melion in cfflnte nitric acid, a so- 
lution if= effected with the evolution of gaseous products, and the 
liquid yields on evaporation colourless, tninsparent, octohedral cry- 
stals ; by re-solution in hot water, hydrated cyanilic acid in soft tabu- 
lar crystals of a mother-of-pearl lustre are obtuned. This acid has 
die same compositioii aa the eryttaDiiie cyinuie add ; contains, like 
the latter, 4 eq. water of crystaUization, whieli it loses at 212°, when 
it becomes opake and falls to a white powder. By the destructive 
distillation it is converted into hydrated cyanic acid ; by solution in 
sulpliuric Rcid nnd caustic potassa into cyanuric acid. This acid 
has been but little examined. Its formation admits of explanation 
on tiie supposition that the elements of 1 eq. of melion and 3 eq, of 
water give rise to 1 eq. cyanilic acid and 1 eq. ammonia, and tiie 
latter is in point of fact found combined with the nitric acid ; ac* 
cording tu this, its formation ought not to be dependent on the use 
of nitric acid alone. — Ibid. p. 798. * 



METEOROL(iUICAL OBSERVATIONS FOR JULY, 1810. 

CAiitwcX.— July 1. Overcast: boiHtcrous. 2. Rain, with strong wind. 3. 
Cloudy and fine. 4. Very fine. 5. ( li udy: windy. G, 7. Fine. 8. Fiiio; 
heavy rain. 9 — 12. Very fine. I:'.— 17. Fine. IS. Overcast. 19. Cloudy: 
nin. 20. Heavy shoHcri. '21, Very fine; rain. L'i. Fine. 23. Cioucly. 
84. Overcast snd 6ne : rain. 25. Showery. 26. Cloudy : fint^ 527. Knc 
88. Ha«y. 29. Very fine, 30. Clnndy : rain. 31. Very fine. 

Jflitoii^— July 1, 2. liaia. 3. i^iunny. 4. Fine: rain ^rly a.m.: rain a.m. 
8, Fine: rain a.m. 6. Cloudy: rain p.m. 7. Cloudy: rain c«rly am. : nin 
v.yx. 8. Cloudy: riin v.m. 9. Cloudy. 10. Cloudy: rain I'.Ji. 11 — 13. 
Cloudy: rain a.m. and p.m. 14,15. Fine. 26. Rain: rain early a.m. 17. 
Fine. 18. 19. Cloudy: rainF.w. 80. Pine. 81. Fine: rain p.m. 88. Fine. 
23, 24. Cloud V. '2',. n.iin : thundtr ami lightning? with rain P.M. ^C. Cloudy. 
27. Fine. 28. Cloudy: rain A.M. 29. Fine. 30. Cloudy. 31. Fine. 

/4j>}>Ugarth Matue, Dumfrin-dliirt, — July 1. Heavy rain A.M.: cleared up p.m. 
2. Drizzling all day. 3. Heavy rain all day. 4. Fair till 4 p.m. then wet. 5. 
Showery : fair evening. 6. Rainy. 7, 8. Showery : thunder. 9. Fair all day. 
10. Showery. 1 1, Warm : a single shower : thunder. 12. Very wet. 13. Fine 
dry day. 14. Wet afternoon. 15. ^'(:ry wet all day. 18» 17. Occasional showers. 
18. Fair till afternoon, then wet. 1 9. Rain early a.m. ■ rlcirtd np. 20. Fair all 
day. 21. Heavy iboivers all day : thunder. 2i'. i ajraUciay. 23. Fair till 
evening, then rain. 84. Showery .dl day. 85. Showery aftetnoon. 8$ — SO. 
Fair all day. HI. The '^imc: n few drops p.m. 

Sun shone out 29 days. Kain fell 22 days. I'hunder 3 days. 

Wbad north i day. North-north-eMt f day. Baat-nortb-eaat 1 day. East 
1 day. South- cxst \ day. South -1 days. South-west 8 dny«! West-soutll'Weet 
3 days. 7 days. North-west 2^ days. Nortb-noitti-west 3 days. 

Cafan 11 dm jifodenin IS days. Briak 4 days. Strong braem 8 days. 
Bofatcimia I Ay. Variable 1 day. 



Digitized by Google 



Dew 
point. 


Lond.: 
Roy. Soc, 




1 


Hain. 1 




|>» O & _M 
..... Of> #^ ....... vfll ..•«•«• r^vj . 

..... .....#« .......^ . C€ 




i^TT99^99 19^99 iT9 i9T i9 : 




99 :: ;r ZT*" I ; : :99'P9 :9^9 :9 :9 : 


S 


^'8 ■ 

•§*s 


-QS •'^S.Sft .ziJS^ • •'©riP • • -"^ 

? -99 •9r9?» 99S? * •9^t ' ' '<? 




Wind. 


m 


f ti S I'* U ^ it' »^ 1 * i > ^ * 1 g ^ "1 ii^^-^ H i- 


1 


O 

a 




i ■ "ra'd I 


u i u' ^ £ U s ti - ^ > u ^* u s i i ^ ^ 


C !►. * 






Therm ometer. 


i. 

a " 


S 


. 


1 




( r 

■ 


■UO)M>a 




1 o 

' ON 

*o 


M 

u 

1 

U 


§ 




1 *— 


a 




'1 


• 

g ' 
ll 


tT 






« — 00 — c< 6^ — d> 6 6 db »o 6^ «0 ^ ' " co o — 6 as .!« i>) c< 


ft 


Barometer. 


& 

i 
a 


* 

B 

« 

05 


Q-.i/5TrkriOiaocroa>rNLr)-T-i"r~— e*iooooooit^OiXifcOO "^covo 
vo O ro — 1^ oc 30 o ooc i-^io^nrotor^oook/ii^r^o o o\ o 




0) 




o 

NO 
ON 


§E 
•S 0 

C -ty 


On On 90 On On 0> ^ On O^ <^ On on On On on On On On 9^00 O^ on Os Ot On 0> On On On 9* On 


• 

ON 


Ji 
w 

i 


C 

i 

K 

IS 

SB 


Cn'^coo — »coo f-)'^ioQc»r*o»ONr*o«'nt^^»o«ot<.»ooN'«TON«o 

Ob uo -r^oo -1-ioot^ao ovoncno^'- ctioo ^TlOt^o^ON*C'Or^o•«C 


o 


or*i"*»ap r"*r*r;*r.»ONONONONO c* — c>r^«o •J">y3ao p ONt^i-'ONip — p 
c^c^ONONONC^ONC^o^ONONONO o p c cn^ctnct^cnonoonononoiOo o& 


X 

Op 
ON 


Hi 


«-^oooeio^c*oo»c<Nc<c*«o'«'ci»aoo*ococ*«"*2>©;5Cgoo 1 
ONt>«»oaor»^iogboooNOOOOfn-«ONr»r»«^030poaovc049C«--c« 


§ 


Days of 
Month. 

1840. 

July. 


- ci o ^ lo «> .-go ON o - 2 2 r il?2 "JSa S§ S S e?5e?« a o 
« O • 


o 
8 

55- <N.. 



Digitized by Google 



THE 

LONDON, EDINBUKGH and DUBLIN 

PHILOSOPHICAL MAGAZINE 

AND 

JOURNAL OF SCIENCE. 



[THIRD SERIES.] 



OCTOBER 1840. 



XXXV. Comparative Measure of the Action of two Voltaic 
Pairs, the one Copper^nc, the other Piaiina^zinc. By 
M. Jaoobi** 

I HAVE the honour to communicate to the Imperial Aca- 
demy of Sciences, the result of my comparative experi- 
mentSy concerning the force of two different voltaic pairs with 
partitions, the one copper-zinc, charged with sulphate of 
copper and sulphuric acid dilnto wit!i six parts hy volume 
of water; the other plattna-zinc, and charged, according to 
the recommendation of Mr. Grove, with concentrated nitric 
acid, and with the same diluted sulphuric acid. The first pair, 
copper-zinc, had 36 square inches of sin laco, the jmir plntinn- 
ziiic liad only 2^ square inches. To ineasure the Ibice ol the 
current, I employed M. Becauerel's electro-magnetic balance. 
Thb instrument is valuable lor accurate measures, provided 
the helices be so disposed as to be able to fulfil the conditions 
of stable equilibrium, which necessarily ought to exist in a 
balance. Thb is attained by making the repulsion pnly act 
between the magnetic bars and helices. For this purpose^ 
one of the helices ought to be fixed below^ the other above 
the said bars. This last helix is traversed by the rod, by 
which the bar is suspended from the beam of the balance. 
It is still necessai V that n correction be adapted to the cur- 
rents measured by the balance. This correction, of which 
other synchronous investigations have shown the necessity, is 
in proportion to the square ot the force of the current. For 

* Read before the rmperial Acadtiny of Seiencei of St PeteniNiiighy 

on the 3l8t of January, 1840. 

Pkik Mag. S. d. Vol. 17. IIU. Oct. 1840. it 
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let be the actual current, k the current iiiffliur^i by the 
balance^ we have the equation 

1 



from which is deduced i' 



(1—^/1—4 k^). For my 



fafilanoe I ha<^ found, by a sariet of ofaiornrtions^ jr 
8 0*00004228 (Aifi^lm .Sc. de FA^id, Sc. torn. p. SIS.). 

The following table contains the experimenta made with 
the voltaic combinations in question. The first column ooo* 
tains the resistances, L, of the helices which serve as conjoDO* 
tive wir^ and which hieid been found by other experiments; 
the two other columns contaso the forces of the eSSocAtt 
currents, or of the currents measured in grammes^ and cof^ 
rected according to the formula above indicated. 





Force of 
the pairi 
Ooppor-wnei 


Force of 
the pair, 
FlatiD»*sliie. 


2S'l 

135-3 


gr. 

0-380 
0*097 


0-S95 

0-135 



Let A, A' be the electro- luoiive forces, X, Vibe resistances 
of the pair itself, we shall hav€^ according to Ohm*& iarmuU^ 
the four ibUowing equations: 

A A' 

880 C7-^^ » 395 



X+28*l 

A 



d7 



X' 4- 28*1 



x+iss-s 

whence A = U610, X = 15-35, A' = 23000, X' = .S5 : or 
taking X as the imit of surface, which is liere 36 square inclies. 



85 X 2-5 

36 



2*4* Let 1 be the total sar&ce of a pik^ 



s the number of pairst C the force of the airrenti L any re- 

A s 

sistance, we have C = ^^^j^^ . From this equation we 
find, that the maximum of force is obtained^ if the pile be 



arranged 10 Uiat^^-^ » L| i,e. that the total resistance of the 

pile shiill be cqunl lo the rtsislance of the contluctor, wliat- 
ever its niUurc may be, this resist n!ice beinj^ one which is ia- 

terposed in the circuit» ond uot biioiiglug to the pile* Aa/or 
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other nrrangements than those which correspoiul to tlie maxi- 
mum of effect, there is no constant reialion between diifeient 
voltaic combinations; we can only compare them, and 
of their relative prelerableness by referring them to this maxi- 
nmni of action. We have, by eliminating the equations 

C (max) ai =5= SB r-Tr=- • 

whence we deduce, by substituting the numerical values above 
found for A, A', X, V mm* mmm g 0*06 

and with reference to the nnmber of pain b x . 0*6 ; 
that Is to say, {/ requires onfy a pUe of 6 square feH ^ 
platina to repiaee a pile of 1 00 square feet ef topper \ or with 
reference to the number of pairs^ 6 pairs ^platina^ each of 
a square foot of surface, will produce the same e/feet as 10 pairs 
of copper, each of which presents a stiff ace 10 square feet. 
This eminent superiority of platina, as in Mr. Grove's com* 
binatioD, is verified by many experiments an a large scale. 



XXXVL On the Application ^ Huyghens's Principle in 
Physical Optics. By R« Pottb% Esqwt B*A^ 

TN the present paper I propose to examine some of the con- 
sequences of the method at present followed in developing 
tile results of the unduliiLory theory of licht, which consists 
in considering elementary waves, having toeir origin in some 

Erevious positions of the main waves, as the cause of these 
itter in succeeding positions. In the Mhunrcs de fAea4* 
for 1821 and 1822, Fresnel announces this metliod in the 
following terms : — 

Application do Principe d'Huygens aux Ph^om^nes de 
la Diffraction. 

" Ce prIncipe que mc parait nne consequence rigourciise 
de Thypolhese fondamentaie, peut s'^noncer ainsi : L 



tions (Tune ondc Iiimineme dans chacun de ses points peuvent 
etre regardees comme la somme des mouvemens elementaires qtiy 
cnvcrraicnt ait vieme instant, en ajj^issant isolcmcnt, toutes les 
parties dc ccLtc onde comidcr^e datis one qudcuutjue de ses 
positions anterieures" 

Again, in spealtiuff of the analytical process, he says, 
La recherche de la loi suivant laqaelle leur intensity varie* 
rait antour de cheque centre d'^branlement, pr^senterait sans 
doute de grandes difiicult^s ; mais heureusement nous n'avons 
pas besoin de la connattre ; car il est ats^ de voir que les efifets 

• Couiiuuuicated by the Author. 
R2 
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prodults par ces rayons se ddtruisent presque complctement 
dcs qn*ils s'inclinent sensiblemcnt sur la iiornialc, en sorte que 
ceux qui influent (Vune manicre appreciable sur la quanlitede 
lumicre que ret^x/it chaque point P peuveiit etre regardes 
comnic (l\'p;ale iiUeiisit^." 

In tiie aj>plication of the above principle, we take the origins 
of the elementary waves on any proposed surface as that of a 
reflecting or refracting substanc^ or an aperture, without its 
being necessary that this sur&ce should coincide with any 
one wave surface as it arrives* 

Tliere are only a few cases in which the integration for the 
whole vibration of a pardde can be effected direcdy ; in the 
following, however^ the integration involves no difficulty, and 
they suffice for proving the discordance of the results of the 
principle with acknowledged facts. They show that the 
labour which lias been expended in investigating^ more com- 
plicated cases, niigiit with ordinary caution have been saved. 

The integration is readily performed when a series of plane 
waves fall on a plane reflector, or an aperture parallel to 
their surfaces, the reflector or aperture being of one of the 
circular forms enumerated below, and the particle whose vi* 
bration is required, being in the normal to such surfiioes 
through the centre of the circular arcs. These forms com- 

Srise a circular aperture of any radius, an annuliis contained 
etween two circles, a circular sector, and the quadrilateral 
figure bounded by two radii, and two circular arcs: this latter 
form approximates to a rectilinear parallelogram, when die 
angle between the bounding radii is small, and the radii of the 
circular arcs are large. 

The integration for apertures or reflectors of tlie same 
forms, is readily performed also when light diverges from a 
luminous point in the normal line through the centre of tlie 
arcs J and the particle whose vibration is required is equally 
distant from liie aui iace ia the same line, and on the opposite 
or same side with the luminous point, according as an aper- 
ture or a reflector is considered. 

Let us commence with a series „ 
of plane waves falling direcdy on 
aquailrilateral aperture KLMN, 
bounded by the two concentric 
circular arcs K N, L M, and the 
radii C M, C L containing the 
ancle M C L = ^. 

Let B be the position of the 
particle whose vibration is re- 
quired situated anywhere in 
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tlic line BC which is perpeadicuiar to the dUim of the mp- 

ture, and let C B = h. ^ 

Let /iPy be any element oi the aperture, whose breadth 
= 6 r, and distance Cp or Cq from C = r, therdbre iU di- 

•tance from B = \/ r« + A« and its area m$rhr. 

1 hen, by the prhiciple under discussion, we have the di«« 
fluLcment of the partick at B caused bj this element pro* 
portioual to 

areo of element f'2'ir. _ 1 

<>i«meei rp (v<-BP)j- 

adrSr . f 27r "1 

where a Is some number. 
Integrating ibr the whole vibration we have 

{it 

= cosi|^^ (r ^ — V' y^+A^ J- + C between the limits 

r = rtJ 

which gives the intensity of the light at B 

The intensity becomes a maxunam and ^ \, , or equal 
to 4 a^X^'when ^ s 

where n is any integer. This equaUon may be satisfied by 
an indefinite number of values of rj and 



When r, and r, are very great, and h small, we have 

r, — r, nearly. 
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If now 6 be not krge ami r^-~ r-j be ouly a small odd Bum- 
\m of multiples of -^t the aperture will be nearly a parallelo« 

original expression we make r, = 0, the aperture beoones the 
whole sectofy and the maximum iDtenetiy^ hf gMig r« tlie 

propel' value, is — — — . This shows that at however great a 

distance from C such a quadrilatcrnl nperture be situated, 
and however near to C the point D may be^ the intensiQ^ 
ou^ht to l>e the same rts for the sector. 

The result of the principle is therefore that liglit ought to 
beiid into the shadows of bodies to an indefinite exttni, as 
sound is known to pa^is through ail apertures, and bend round 
all obstacles. ^ 

It proves that the result Mr. Airy (Tract, pa^ 270.) has 
obtained by an approximate melboa is not to be depoided 
upon» and that the objection to the undulatory theory which 
wae MitYed to have been removed remains in full fotce. 

If it be said that these expressions involving X* as a multt- 
plier, most represent light of yery feeble intensi^, and ther^ 
lore msensible, or nearly so, we shall see that we have die 
same small qoootity m toe expressbn for a large ciiciihir 

aperture. 

It' we make 6 — 2 ir, very Inrfre, and r, ss 0| we have 
a large circular aperture, and the intensity 

= 4a*X« sin* {j^^WT^^-h)^ 

and however great or small h may be, compared with , we 
see that there will be a succession of maxima and minima 
valnes lor diflerent values of A. This is at Tarianoa with the 
admitted properties of li^ht, which it is allowed passes 
through large apertures withiiat any change or diminotioiit 
or WMO diveiging from a luminous pointlollows the law of 
the inverse square of the distanoa^ except near the bosndariea 
of the shadow. 

If we compare the maximum intensity from an nnnulus, 

however narrow it may be. and how-ever large the radii, with 
that from a Ijirc^n t ii cular aperture, we see that ihey are the 
same; and the multiplier \^ would cither show that only a very 
small quautity ol hght could pass directly through any large 
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drcalar aperture ; or otherwise^ if it were maintained that the 
oonstant a may beirery large | then out former oondnstona 
will be free from any objection that they represent inappre- 
ciable quantities of light. 

A mt stated by M. Fresnel, which I have confirmed by a 
severe experimental examination, bears upon the point, of 
the efTect of the limits of apertures. His experiments for the 
dinVacLion by a single edge of an opake piate (see the before- 
mentioned memoir, page ¥19,) were, in fact, made with an 
npci Lure generally of a centimeter in breadth, whilst his lu- 
minous poifjt and iiiiciumeter were in some measures diaUmt 
about seven metres from each other. NotwithsLanding the 
smaU breadth of the a|)ertur6 compared witli its distances 
ftom the luminous point and micrometer, yet we find him 
stating that the fringes Ibrmed by one edge were not afiected 
bjr the other ed^ and that has measures might be taken as 
if made with a single edge. The principle under discussion 
showfl^ that with the quadrilateral, sectorial or circular foruf 
of apertures, the intensity should depend on the limitB» how« 
erer distant. 

The same results arise wlien we take plane reflectors in 
])lace of apertures, only then the point B must he taken on 
the same side as that on which the waves are incicient. 

To discuss the second case, let A be the luuiiuous origin 
in the line A C B perpendicular 
lu Lhu plane of the aperture, 
through the centre C. Let A C 
8 B C sa and die other parts 
as hi the former figure. 

We have now for the dispiaoe- 
nent of the particle at B» doe to 
the element jpP^» 



aOrBr 



. r27r 
sin J — - 



-(AP + PB))} 
and the whole displacemeut 




— 2 r* + k*)^ + Cl)etween the 

limits ^ • - 
= '•s J 



a0\ 
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Bin {vl - ^T^Th\^V r,*^ 

and the intensity 

As in the former case, when we take h small and r , , veiy 
large, with 6 small, so as to form a quadrilateral ajx rlure ap- 
proximatin^T very nearly to a parallelogram, we arrive at the 
same conclusion, that light, according to the principle under 
discussion, ought to pass through apertures, hov/ever obliquelif 
situated with ic^pLCt to its direction, and diverge into the 
shadow to an indeliiuie extent ; ihe maxio^um intensity at ^ 
being tbe same as if the aperture were the wh<^ 88Clor« and 
tbis £oIdui& bowever near A and B may be to C. 

If we tdce A = Sir and take very large, wbOst n k 
smaU* we bave tbe case of tbe Intensltjr in the centre <if tbe 
sbadow of a small circular disc^ wblcb it was ibnnd fay tP' 
proxiniate methods, ought to be the same as if the Ji^ 
passed uninterrupted ; and M« Arago, having tried the ei^ 
perimenl^ found the result to accord. The complete invests* 
gatkm gives the intensity 

wlilch fjocs through a series of maxinm antl ininiina vfilues 
for tlillLrent values of when r and r, are given; and not 
an uniform or slowly cliniinishing intensity along this line, ss 
found by the approximate discussion. 

There is another case which places the absurdity of the 
principle in a very striking point of view, which is the case of 
a large circular aperture, then = 0, and we have the in< 
tensity » 

the maximum intensity is here dependent on h for its position, 
but not for its magnitude; that is, tbe maximum intensity si 

B Is however near A and B may be together, or how* 

ever distant ; contrary to the received and demonstrated prin- 
ciple, that the intensity of li^lii diverging from a luminous 
origin varies as the inverse squaie oi the distance. 
Qoeen's College^ Sept. 1840. 
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XXX VXI. 0/i Sidphoci/aHogcH, iiy Mr, E. A. TAiii^ELL*. 

WHILE eqgaged with an mratigatum of tlie acHon of 
alkalias on mis snbslanoe (the molts of whieh will he 
presently commnniceted), in whidi I was nni^ to aceount» 
in a satis&ctoiy manner^ for the productbn of a new add^ I 
was led to snsp^t the existence of hydrogen in sulphocyano- 
gen; more especially as M. Liebig had obtained traces of 
water in its combnstioii by oxide of oopper» which he then 
attriboted to hyi^rometno moistwe. 

Before detailing my own results, I may state those which 
Liebig obtained with reference to this subject (Ann. de Chim. 
et de Phi/s.y torn. xli. p. 200.). Three-tenths of a gramme of 
sulphocynTi(\:^Lfi, dried with great care ift vacuOf alibrded him 
in ibur com b ustions, 

1. *Oll gramme oi water, 

2. '017 — — 

3. -009 — — 

4. '016 — — 

The mean of these gives 0-48 per cent, of hydrogen. 

la rcjieating the anal) bis 1 have invariably obtuiiitd a nuich 
larger proportion of hydrogen. The sufpbocyanogen lx- 
anuned was precipitated thun the sulphocyanide of potaasiiun 
by chlorine» and posaetaed all the characters of a pore sub- 
stance: that used in the first and second analyses was kept on 
• aand<bathy at about S00% Ibr several boors, and afterwards 
ibr four hours in a water-bath at 212**« 

1. 10*56 grams gave 0*85 grain of water equal to 0^1 per 
cent of hydrogen. 

I0*S7 grains gave 7*i9 carixmk add, and O'Si- of water^ 
or equal to SO*SS per cent of carbon, and 0*iK> of hydro- 
gen. 

To avoid ail chance of error from the presence of hygro- 

metric moisture, sulphocyanogen prepared by chlorine was 
dried in a Liebig's drying tube for some hours, by a nitre- 
bath nt 212'^, At this temper;itiire a tiunt udour of cyanogen 
was perceived, but no other ciiange. 

11*02 of this gave 7'98 carbonic acid, and 0-9^ of water, 
equal to 19*91 per cent, of carbon and '96 of iiydiogeii. 

To estimate the sulphur 10*11 grains were ignited 
eight times as much nitrate and carbonate of potash ; alter- 
wardi iicaLtJtl with nitric acid, ciilulttl, iilu rtd, aiul nitrate of 
bar^tes added. The sulphate of barytes niuounLcd to SS o-h 
grains, which is equal to 52*59 per cent, of su1i)hur« 

If the received equivalent of sulphocyanogen be doubled, and 

• CoAUDuiucsted by tlie AuUiar. 
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cue cqumlent of bjdrqgen added to k| smikiog tlm Ibmnila 

S4 C4 H) the hydrogen will amount to *84 per cent. My 
estimations of the carbon and sulphur are toen below the 
theoretioai qnantitict- Bat before deciding on its conrtitntioii» 
an important question presents ittel(«— is tba substance ex- 
amined the radical of the sulphocyanides, or a product of tha 
decomposition of that radical? To settle this point, the basic 
sulphocyanicle ot leid (the double sulphoi winidc and oxide of 
lend), was first cxanmied for liydrogen. J i l^uvu me 0*89 per 
cent., together with 4*20 per cent, of* cm bun. Now the liy- 
tlrogen iiere tvv ice as much as it should be, sup[H)>iiiii; the 
salt Lo have tlie coiistituLion 84 C4 Nj H + 2 Pb -f 2 I'b (J, or 
the usual fiirtnula doubled^ and one atom of hydrogen added 
to the radlcaL So it might be a bjdrate of the s£ove con- 
tainbg ona eqiUTaleat of water; In which ease it should ooib« 
tain 74*82 per cent of lead. I( on the other hand^ it be 
Pb Scy + PbO.H Ob it should oootain 75*26 per cent. The 
carbon and hydrogen agree for either view* Liel)I<^ obtained 
(see memoh* above-quoted) 74*958 per cent, of lead; two 
analyses gave me the following results. 

1. 53*67 grains treated with nitric and a little sulphuric 
acid, gave 5^-97 grains of sulphate ol iead» equal to 38*58 of 
lead, or 73*71 per cent. 

2. 59*98 gave 6:^*91 of sulphate^ equal to 44*82 of lead» or 
73*85 per cent. 

As iioui liiese analyses* the question was still undecided^ 
I took the sulphocyanide of silver, which gave 7*20 per cent, 
of carbon» and onljr <05 of hydrogen, wlndi is evkwntHr doe 
10 hvgroinetrio moistare; kit if hydrogen existed in the ra> 
dicaC thus, S4 C4 Ng H + S Aq, it should have cmitainad *30 
per cent. Thus it appears that the radical of the sulpho- 
eyanides does not contain hydrogsoi and ooosequently, what 
has been regarded as sulphocyanogcn, is a product of the de- 
composition of that radioaL I will prssently eonsider how it 
is produced. 

It also appears that the basic .sulphocyanide of lead Is a 
hydrate (forming one of those lew substances which contain 
six eleiiicnis^ : probably, according to the formula Pb 6cy 
■i- Pb O H O, cuutammg 

C'akulatcU. Found. 

Solphur 11-38 

Ceriion . 4-iO 
Nitrogen ...o*** 5<01 

Hydrogen '34 *S9 
Oxygen ••••••••• 5*66 

Xiead.M.MOM.. 78*28 78'7a 
100*00 
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To return to th« oomoositioti of sttlphocyanogen/' It b 
ereatly to be reirrelted tnat we possess no data to decide on 
uie formula of tnis substance, but its composition per cent, as 
given by ultimate analysis, which is £ur less sattsfactorv in an 

uncrystallized substance, as in the present instance, than in 
a crystnllized body : and I do not know of any circumstance 
to guide us in fixi!)f^ its equivalent. 

The constiniiloii which first presents itself as most pro- 
bable, is to (l('ub!e the old formula, and add one equivalent 
of hydrogeii to it, which would give sulphur 54**S, carbon 
20*70, nitrosen S3'97, hydrogen 0*84 as IQO. 

But this does not exactly accord with the results of analysis. 
Taking the mean» we shall have as its composition per ceaX^ 

Sulphur............ £9*59 

Carbon 20*06 

Nitrogen (calc.).. 83*28 

Hydrogen* *9i 

96-80 

Here is then a deficiency of 3*2 j^er cent., which must be 
considered as oxygen. The formula with which tiiis best 
a/^recs, and wliich 1 would adopt provisionalij/f is Cj^ 
H3 O , or 

12 Sulphur ...... 2414 58-27 

12 Carbon 917*22 20-24 

6 Nitrogen...... 1062*24 28*45 

3 Hydrogen ... 37*43 -83 
1 Oxygen ...... 100*00 2-21 

1 Equivalent... 4530-89 100*00 
On this view of its coiii{)Ohition, the reactions which occur 
in its production by chlorine may be explained in the follow- 
ing manner: 

3 equiv. of water s On 

6 chlorhie......... ^ Cl^ 

6 — sulphocyanide \ ^ c n xr 1/ 

ofpoissiom/Z ^« ^« ^6 ^s 

HsO,S,«C,«NeKeCI'. 

Equal to 

0 equivs* of chloride 1 ^ CI 

1 . b 11 1 { ) liocyanogen = Hg O N<j 

2 — oxygen ••••••••• = 

Or six equivalents of sulphocyairulc ot potas^lLiin, six ofchlo- 
riue^ and thcee of water^ become one of sulphocyanogen« six 



Digitized by Google 



S58 Mr. £. A. Parnell on Stdphoctfanqgen* 



of chloride of potassium, and two of oxygeo. Bot what be- 
comes of this oxygen ? I have observedt that however slowly 
the chlorine be passed through the solution of sulphocyanlde 
of potassium, nii oxidizing action on the sulphocyanogen al- 
ready formed takes place, even at the commencement of the * 
operation ; sulphuric and cyanic acids being produced. It 
does not appear how tliis action can be satisfactorily ex- 
plained on the old view fa simple removal of potassium by 
chlorine), for it involves the decomposition of water by chlo- 
rine in a strong solution of sulphocyanlde of potassium, or in 
fact, that water is more readily decomjiused by chlorine than 
sulphocyanide oi potassium. But on the view given above, 
an oxidizing action on sulphocyanogen already formed is 
easily explamed ; it is even essentia^ since no evolution of 
oxygen gas b to be noticed. 

^e production of this substance by nitric acid can be ex- 
plained In a similar manner. Six equivalents of water, sul- 
phocyanide of potassium, and nitric acid, are equal to six of 
nitrate of potash and six of hydro-sulphocyanic acid, or 
C,2 Ng Hg , which with four equivalents of oxygen from 
the decomposition of anotlier portion of nitric acid> become 
^12 N, H, O, and 3 HO. 

Four equivalents of oxygen of the atmosphere acting on 
six of hydro-sul|)liOcyanic acid, produce the same effect. 

With ret^ard to the arrangement of the elements in this 
substance, it is obvious that many formula' might with equal 
probability be selected. All tliat can be reasonably assumed 
on thb subject is, that the carbon and nitrogen exist as cyano- 
gen: it is also probable that the cyanogen and sulphur are 
more intimately connected with each other than either of 
them is with the oxygen or hydrogen; in which case this sub- 
stance will be either a hydrate or an oxide of a hydruret of 
a sulphuret of cyanogen: but it appears probable that in 
all compounds which contain hydrogen united to a radical 
so as to form a hydruret, the hydrogen should be removed 
by chlorine, which in this instance is not the case. On 
another view the hydrogen (either wholly or in ])arL) might 
be supposed to exist as an electro-}iosiiive or *' zincous" ele- 
ment, but we do not find that it is displaced by metals, which 
certainly ought to be the case if sucli the true constlLulion. 
But instead of adopting views of its constitution on insuffi- 
cient data^ it will be better in the present state of our know- 
ledge of this substance to be satisfied with its empirical 
formula alone. The name of the substance will obviously 
require change, but I shall leave this to him to whom we are 
indebted for its discovery; and although I have been led to 
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observe ftii error in the conclusion at which he had arrivedy 
it must not be forgotten that it is by his refined and beauti- 
fully simple method of analysis that I have been able to attain 
my results. 

For convenience, I shall continue in the remainder of this 
paper to spenk of the substance derived from the sulpho- 
cyanides as sulphocyanogen. 

9» Action of Alkalies on Sidphoa/anugifi, 

We are iadebted to Woeliler and Liebig lor all thai is as 
yet known respecting the action of alkalies on this substance ; 
but this subject was not studied so completely by them as 
it appears to deserve^ nor so satisfactorily as other points 
connected with the sulphocyanides in their remarkable re- 
searches. 

It appears from their experimentSi that when sulphocyano- 
gen is digested in solution of potash^ a small portion is dis* 
solved^ and the remainder becomes redder, partly soluble in 
water, and ])nrtly in alcohol. After alcohol and water had 
been successively applieti to this altered sulphocyanogen nntil 
nothing more was dissolved, a clear yeliow substance ) c- 
niained, which Liebig considered as a nigher degree of sui- 
phuration of cyanogen. But his analyses of this bub^lance 
do not sufficiently accord with any theoretical numbers to 
decide its constitution* 

My own experiments certainly confirm the above as far as 
they go, but it would appear that heat had not been applied 
to the mixture of sulphocyanogen and alkali^ but that it had, 
on the contrary, been kept at common temperatwes ; for if 
sufficient potash had been present and a gentle heat applied) 
the whole of the sulphocyanogen would have been dissolved^ 
and converted into other substances. 

When three parts of sulphot yaiionren are digested with 
about four parts of potash and twenty or twenty-five of water, a 
poi liiMi is at once dissolved, the remainder, on the appli- 
cation of a gentle heat, forming a reddish yellow trnnsparent 
solution, from whitln acids throw down a yellow precipitate, 
which is a mixture of two substances, one of a light lemon 
colourt the other brown, or almost black. The appearance of 
the changes which are here undergone, varies considerably 
with the manner of performing the operation. If, for in- 
stance, the sulphocyanogen be m excess, it is either not en- 
tirely dissolved, or if it is, the precipitate produced by acids 
contains unaltered sulphocyanogen: on the contrary, if the 
alkali be in excess, the decomposition is more complete, the 
precipitate has a much lighter colour) and does not appear 
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so dense as in the former case. Tbe length of digestion also 

considerably affects the result; the longer it is contimied 
(within certain limits) the more complete is the action : and 
lasUji the method of preparation of sulphocyanogen likewise 
influences it; while that prepared by chlorine becomes red at 
the commencement oftlio action, that prepared by nitric acid 
becomes yellow. The caiLse of this di£^encQ will be imme- 
diately exjilained. 

Of the two substances precipitated by acids, the lemon- 
coloured oi>c ioi nis by far the largest jioi iion ; aiul not liaving 
obtained the oilier pure, 1 have yet paid Utile attention 
to it, although it appears intimately connected with the de- 
compositions which occur. The last is insoluble in water 
and alcohol^ while the lemon-coloured substance Is soluble 
in both these liquids, which can consequently be used to se- 
parate them. 

I have found the following method of procedure to be the 
most convenient. Take three parts of sulphocyanogen (that 
prepare(! by nitric acid is preferable) and four of potash, or 
one of sulphocyanoiren, nnd 27 or 28 parts of solution of 
caustic potash in common use (sp. gr, r06), keep this mix- 
ture at a gentle heat ( 120") lor about three hours, and tlien boil 
for half an hour. It is then entirely dissolved, but on cooling 
a small quantity of the black matter benarates, whicli inu?»i be 
removed by filtration. To the filterea solution add hydro- 
chloric or dilute sulphuric add, which throws down the mix*- 
ture in question, sometimes of a bright lemon-colour, but more 
frequently darker. It m ust be collected on a filter and washed 
with cold water until all the chloride of potassium or sulphate 
of potash is removed. Boiling alcohol must be used to purify 
it, as hoc water dissolves too minute a portion to be conveni- 
ently employed for this purpose : the filtered alcoholic solu- 
tion can be distilled nearly to dryness, which gives the sub- 
stance perfectly pure in the form of a fiocculent lemon-yellow 
crystalline puwckr. 

Its taste is iiiLensely bitter and acrid, but not immediately 
perceptible, on account of its slight solubility: it thickens the 
saliva, and a minute portion ot its dust inhaled causes sneezing. 
One part requires rather more than one thousand of cold 
water to effect its solution. BoUmg water dissolves 2*36 per 
cent* Cold alcohol takes up 4 percent, boiling alcohol about 
14 per cent. Wood spirit possesses about the same solvent 
power on it as alcohol. 

When ignited in the air sulphur burns, and a brown sul^ 
stance remains, which is entirely dissipated by a strong red 
heat: iieated in a tube, sulphur, bisulphuret of carbon and 
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mlpiuArelted hydioijen are given off, loMriog the nmelmMm 
natter* It is solute in conoentiated sulphoric acid witboot 
diange, and is affain preicipiutfld on die addidon of water« 
Nitric acid completelj decomposes it, giving rite to sulpboric^ 
carbonic and nitrous add* HydrocEloriG acid dissolves a 
little without change. 

When its alcoholic solution is cvnporritcd it rippears to give 
crystals, but this is not the rnse. it ii owing to a bright pel- 
licle which had been fornicd on the surface of tlie alcohol 
contracting, nrul presenting this appearance. The stroiiLi; al- 
coholic and V, uod-spirit solntions are jm- 1 ipltateil hy water. 
All its solutions are yellow ; they redden liunus paper slightly, 
but some time is required to effect this ; it would at first be 
said to be neutraL From its behavipnr with metallic bases 
and die mode of its formatiooy it is manilestly entitled to be 
classed among acids ; in short, it appears from my expert* 
ments, tliat as obtained by the above process it is a liyurate 
of an bydracid which is quadribasic^ losing four atoms of 
hydrogen and acquiring four of a roetaL AU its salts that 
I nave examined are coloured, being either yellow, brown, or 
black. They are uncrystallizable, and those which are so- 
luble are partially deconijiosed by evaporation: for this 
reason, I have been unable to obtain any definite soluble salt 
in a state fit for analysis, and the insoluble salts tliat I have 
examined contain a large excess of acid. According to my 
experimeiils, iu empu icai lurmula wili be iSj^ C^g N^H^ Og ; 
its rational formula S.g Cy^ , H4 + 2 aq. 

The following are the ranks of my aiudyaes. 

ll^Ol grains of thepure substance (prepared by the above 
process)} dried at SlS^t gave 7*00 grains of carbonic acid and 
1*78 grains of water, or 17*58 of carbon and 1<78 of hydn^ 
gen per cent. Other analyses havegiven a mean of 17*00 
of carbon and 1*74 of hydrogen. The mean of three estima- 
tions of the sulphur, (by heatmg with nitric acid which readily 
decomposes it, and precipitation of the sulphuric acid by ni- 
trate of barytes) is 55*16 per cent. The nitrogen was esti- 
mated in the usual manner, bv observing the relaiioii between 
it, anil the carbonic acid as pi uduced by combustion by oxsde 
of copper; but the product was collected in one receiver in- 
stead of several small tubes. The results are as^foiiows ; 

Barometer '60-2 inches* 

Mixture in receiver^ 85 measures over '6 inch of meroary» 
equal to 83*8 measures, ccmunon |)ressore. 

After absorption of carbonic acidy thers remained 39 nie»> 
sures, over 3*4 inches of mercury, equal to 28*8 measnresi 
common pressore. 
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83*3— S8*S = 55*0; therefore 83*3 of mixture contain 88*3 
of nitrogen) and 55*0 of carbonic acid: and as 28*8 : 35*0 
: : 1 : 1*94; or as 1 of nitrogen to 2 of carbon nearly. 

We have then for the per-centage. 

Sulphur . • • • 55-16 

Carbon 1 759 

Nitrogen • . • • 20*37 

Hydrogen ... 1*7(> 

Oxygen (io6s) • . 5*12 

100*00 

which numbers closely correspond to 

Calculated. 

12 Sulphur . • • « 2iH* 55 '6^ 

10 CSarbon * • . . 764*3 17*61 

5 Nitrogen. . . . 885*2 20*42 

6 Hydrogen. . . 74*8 1*72 
2 Oxygen . • • . 200*0 4*61 

1 equivalent 4338'3 100*00 
Since it appears to be a hyd rated hydracid of a sulphuret of 
cyanogen, the name ]^y(1^otlliocyanic acid will )>ernnps not 
be inapplicable. Its salts will then be tbiocyanidesy and its 
symbol may be They H^ . 

I 7uocj/(iTudcs,—''l\ie alkaline reaction of potash, soda, am- 
monia, and barytes cannot be romjiletely destroyed Ijy any 
excess of this acid, althougli llie pure siihs are ueutrai. The 
alkaline carbonates are not decomposed by it at common 
(emperatares, but if boiledt carbonic acid is evolved^ and a salt 
of the alkali formed. Its solutions in potash and soda give yeU 
low uncrystallized residnes on evaporation. The acid was 
digested some time with ammonia^ filtered and evapoi atLd 
over sulphuric acid in vacuo i this gave a yellow uncrystallized 
salt, soluble in water, giving a solution neutral to test paper, 
and intensely bitter; but free acid had been deposited du- 
rm^ evaporation) notwithstanding it was at first highly al« 
kainie. 

Bartftes, — The acid was digested with barytes, water, and 
carbonic acid gas passed through the soUuioii to separate 
excess ot barytes: a yellow solution remained, whicli on eva- 
poration gave a yellow suit, but mixed with crystals of hy- 
drate of barytes. 

A solution of the acid produces no precipitate in solations 
of salts of magnesia) both oxides of iron^ manganese, zinc, or 
nic ke l. 

Cb/9>en— A solution of the acid produces an ocfaro-brown 
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precipitate in solution of sulphate of copper. The precipitate is 
dccoinpoicd by tlic liyclrociiloric, nitric and concentrated sul- 
pliuric ficids ; also by sulphuretted hydrogen, the hydrothio* 
cyanic acid beinff liberated. It i^ blackened by alkalies, an al- 
kaline thiocyanlde being produced: the black or brown sub- 
stance remain i I i<T appears to be a subsalt. When the thio- 
cyanide of copper is ignited in a tube, it gives off snlphur, 
hydrated cyanic acid, and bisulphuret of curbou^ leaving 
a residue ot sulj^iaret of copper. 

Ziflnf. Solptoone of hidxiouocyaum add |irodim mj^Otm 
preeipitHe in aoatote ana anbacetate of lead, adiieh is daeoni* 
poiea bjr Uia atronger acid% and by adphaiettad liydroffeny 
the add being reprodnced naallBrid in tiia last cate* Nitrie 
add inatantly prodnoes sulphate of lead. On being heated itt 
a tube, it gave rise to atmihor products aa the copper aalt; 
hydrated cyanic acid, solphiir, bisulphuret of carbon, and 
sulphuret of lead* Like moat inaoluble salts of slightly solu- 
ble acida (when prepared from solutions of the acid)) thb ii 
contaminated with a large exeew of add* Two ooanbastait 
by oxide of copper gave 

1 . 8-69 per ceuu ol carbon *49 of hydrogen* 

'V. '50 — 

For the lead : 1. 12*3 grains treated with nitric acitl gave 
9*86 grains of sulp)iate of lead* equal to 5l'Bti per cent, of 
lead« 

2. 1 0*77 treated in the same manner, gave 8*19 of sulphate^ 
or 6l"J'J per cent. 

Calculated according to the formula They 4 Pb + 4 aq» it 
ahould contain 7*90 crfcarbon, «5 1 of hydrogen, and 53*40 of 
lead oer canci no t wi tlmandintt ^ tfaia dUfinnoe^ no otiier 
fcnniua oonld hata been idaeta^ m aoeaidanoa viA ott^ 
mala aomposition ffbtai B fld ibf tha add* 

Like tiia copper adt^ diiocyanida of lead Ip biadB«ed fay 
ailniKca, a subsalt being produced. 

Stlver.-^Tht behaviour of tlie adulion of hydr uthi o ayaBia 
aekl wilii nitrate of diver is very paoaiiar and ofaanalediti^ 
Ibrming a test sufficiently delicate to detect ode past of tlia 
add in 10*000 of water. On mixing the solutions a yellow 
flocculent precipitate is formed, which on staD4ing a short 
time, or immeaiately on heating, aggregates, changing to a 
blrtck colour, without any cvohuion of gas or odour of cy- 
aiiorren. Tlic chanire is noL hastened by solar light. When 
the black sul)stance is treateil witli sulphurcLLcd hydrogen, Uie 
acid is rc[iroducijtl, and suljihuret of silver foi med. Concen- 
trated sulphuric acid has no etiecl on it; if diluted, sulphate 
of silver is lormed, and the acid is liberated. It is soluble 

Fhil. Mag. S. 3. VoL 17. No. 110. Oct. 1840. S 
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witli decomposition in nitric acid, and bv boiling in hvdro- 
chloric acid, sulpimretted li^diogeii beiiig evolved in die lutter 
case. The affinity of silver for ihe radical of this acid ap* 
peui stronoer tlimi fer fihlfflrba; for if this add and hydro* 
oblorio acHfbe pn«enl in* tba aame loUiticNV and nitrate of 
diter added» tbe tfaiofi^amde of aim is firat pradpinued. It 
ia inaolnbla in amnonia. 

19*60 grains were Iffiatod with hoi nitric acid, which d'is-» 
solved it ; the silver was precipitated by hydrochloric acid^ 
and nitrate of barytea addod to tlie filtaied solatioa to obtain 

the sulpliiiric acid. 

Tiie chloride ot'silver amounted to 18'25 grains, or 18*747 
of silver, equal to 70* i i per cent. The sulphate of bnrytJi 
amounted to 21 '^-l- pjrains, equal to 2*94 of sulplnir : sul|)liur 
not converted into sulphuric acid, separated on a weiglicd filler^ 
amounted to '20 grain, s= 3*14 or 16*01 per cent, oi sulphur. 

The proportion of iMvcr bena ia jnat twice aa great as the 
proportion of lead in the aalt of that netal* In fiiet, it ap« 
peaia to be a doable thiocyanide and oxide of ailvert or a sob* 
salt: thus Th^ 4»Aq + 4 AqO» which by theory should 

contain Found. 

Sulphur 15*80 1601 

Silver 70*78 70*14 

As the neutral thiocyanides nre yellow and the subsaits 
blacV, so we have reason to believe that the yellow silver 
compound is the neutral thiocyanide; but tliis cannot be de- 
cided by analysis, on account of the rapid change which it 
undergoes. 

M<frcf/;^.— Nitrate of protoxide and chloride of mercury are 
precipitated by the aqnaons aolution of this add. The pfo* 
eipitate ia at watwfaite»bDt by heating it beoomesydUow. In 
its properties it resembles the copper and lead salts s like them 
it is eonmted into a subsalt by alkalies, and it gives similar 
products on heating. Nitric acid instantly acts on it ; a white 
compound is produced which nndergoea no further chon^ 
by nitric acid alone, but on the addition of hydrochloric aod 
it is immediately dissolved. 

Nitrate of suboxide of iiicixury gives tiie black subtluo- 
cyaiiicie. Chloride of platinum and bichloride of tin are pre- 
cipitated yellow by solutions of the acid| but 1 have not ex* 
nmmed these precipitates. 

Such is the incomplete inyestigation I have had St in my 
power to make of these eomponmla. As the solphocvanoMi 
derived fiom the sulp^'ocyanidcs does not appear to be wMt 
it was conddendt but-a highly compUcalpd lobitanoe^ the b^ 
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terest with which the products of its decomposition by alkalies 
will be viewed, is materially lessened. For this reason I have 
not pursued tiiis subject so completely as I intends 1, nor, 
perhaps, as it deserves. Although I have been Ie<l by a point 
in ill is investigation, which I oouid not coniprehend, to the 
discovery that sulphocyaDOgen, if not exaotlj so composed as 
I have represMitoa it, is oertainly not the tadical of the sqU 
phoCTMidea^ fant o product of ica deeomposition i yet the 
point in question has not been atoertained, namelj, the 
changes that sulphocyanogen nndeittoea by alknlics. 

At first I imagined the Uaek foostaQoe which sepemted 
from the solution of sulphocyanogen in/alkali} on codings and 
the brown or black substance precipitated by acids, insoluble 
in 'mater and alcohol, ns accidental or merely secondary pro- 
ducts: I now look on these differently. When the last brown 
substance is diirasted again in an alkali, more hyd roth iocy an ic 
acid is separated; the remainder is quite black, and is evi- 
dently identical with the liiat black substance. It appears 
more to resemble paracyanogen than an^ thin^ else with 
which I am acquainted ; but not having obtained it pure, and 
but in small qnantitV) I have not been able to decide this 
point. Solphocyaniae of potassinniy and sulphite of potash, 
are likewise formed when sulphocyanogen is digested in pot* 
ash, but the sulphite is In very small quantity, and 1 believe 
accidental. 

Hydrothiocyanic acid is not produced by potn^h nnd «;oda 
only; barytes, ammonia, and even the alkaline carbonates 
pive birth to it. Its production by ammonia is remarkable. 
The sulphocyanogen becomes light yelltnv, but is not dis- 
solved; sulphocyanide of ammonium, witli only a trace of 
thiocyanidc, is formed. The yellow sul)sLance into which the 
sulphocyanogen is converted is, however, hydrothiocyanic 
acid. 

This proves that whatever may be the action of the atkalL 
It Is not the affinity of its radical for the radical of the acid 

(or as it may be called, thiocyanogen) which is the leading 
cause; for if so, the whole of the acid should have existed as 
tbiocyanide of ammonium. 

It IS also probable that the action is an oxidizing one, for 

I find that tne acid is produced by the action of chlorine and 
nitric acid on sulphocyanogen. Indeed, it is difficult to pre- 
pare sulphocyanogen by nitric acid without its production, 
and hence I nave recommended that prepared by this means 
as preferable to that by chlorine for the preparation of this 
acid *. It has been observed, that when chloi iue is passed into 

* If a nixture of tolphocysaogeB aod liyfirochjocyBnie add be digssted 

S % 
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a dilute solulioii of sulpliocyaiiide of potassium, the sufpfio- 
cyanof]jen is precipitated of a lig^it yellow colour, and does 
not subside readily. I have ascertaiiu'd, by experiment, that 
this light yellow substance is not salphocyaiiugeu, buL liydro- 
thiocyanic acid. It is, however, more difficult to convert sul- 
pbocyanogen into Chb add chlorine^ than by mtiic add i 
chlorine eooseqnendy giw m piiver snbateace. 

In oondusknit I woald statei that these ezperimenli have 
been performed in Prof. Gbahani's laboratory, to whom ai^ 
to his late assistant Mr. Fownei^ I am happy in acknowiedging 
mjsdf indebted for their raggalioBs daring thia reaeareh. 

UntfenHy CtXkgt, June 1840. 



XXXVIIL On the Use of Hi/dr iodic Salts as Pkotograj^hk 
Agents, Bif Mr, lloB£itT Hunt, 

[Coadnned firom p. 9lh and ooocliided.] 

88, On the darkening of the Photograph, 

"jl JTl. TALBOT first directed attention, at the last meeting 
of the British Association, to a peculiarity possessed by 
some of these kinds of photographs, namely, that they wfio 
neither fixed nor otherwise; but that on expoi»ure to sunshine 
they changed in their dark parts from a red to a blacky the 
lights of the picture being unaffected by the lifrht. 

39. iiiis aiu^uiiir elicct 1 have pruvetl to be eiilircly de- 
pendent on the influence exerted by the less refrangible rays 
of the solar spectrum in exalting the oxidadon of the silver; 
but a brief statement of some eflfocts produced by the die* 
severed rays, will place the matter in a much clearer Ugbt. 

40. By aliowin^i^ a very intense prismatic spectrum* rormed 
by a flint-glass prism, to fall upon any of these photographs 
wiuch bladcen by white light, it will be found that the dark- 
ening process commences in the red ray, at which point it 
goes on with the greatest intensity, and is gradually shaded 
off to the lowest edi^e of the extreme red; the shading is also 
continued through the orange and yellow rays being sharply 
cut ( if at that ime of the spectrum where the pure greeu is 
Visible. 

41. As it was not possible to pursue my inquiry on the 
effects of the spectrum with any degree of satisfaction without 
a heliostaty an instrument I have not the means of procnrinigi 

in alkili, the sulphoqnuMgenii first dissolved, leaving tbe add. This as* 

phi'ns why sulnhocynnoccn prepared by nitric ail !u comes yellow when 
treated wuh «Ikai% wiiica i» not tbe cai« witti tiaat ^e^wX t>y cUoriaa. 
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I turned my atLeiuion Lo the eftects produced by the light which 
had permeated coloured media, the absorptive powers of which 
were caxefblly analysed. 

The media I was induced to adopt transmitted rays in the 
following order. 

Blub. Ammonia'Stdphaie of Copper, — The whole of the 
most refrangible rays, from the edge of the green to the ex^ 
tremity of the violet. 

Green. Nitro-muriate of Copper. — Those rays wlilch have 
place between llie extreme upper etlge of the blu^ and a line 
which would accurately divide the pure yellow. 

Yellow. Bi-chromale of Poiassa, — That portion of the 
spectrum which would lie between a line drawn below die 
orange, rather within the red ray, and tliruu^ii tiie lower edge 
of the pure green ray. ^ 

Red. a strong SobUion of Carmine in Ammonia, — por- 
tion of the orange and all the rays below it. 

42. The most remarkable effects were produced upon the 
papers a, b, Cf and it (13). They have been subjected to 
similar influences, prepared with nil the hydriodates I have 
mentioned (20 — S7); but I do not feel myself warranted in 
occupying your pages with any statement of the results on 
any, hut those prepared with the pure hydriodate of iron and 
the hydriodate of baryta. These drawings were all well 
washed with hot water, and when (juite dry, arranged under 
the different fluids, and exposed in a window which faces the 
south. I will name the pa])eis> iroai the bait used, and the 
colour shall indicate the rays. 

45. Ifydriodaieqflron^ Mariaie qf Ammonia^ — Blue* The 
picture nearly destroyed by the browning of the yellow lights, 
at the same tune as the darker parts have much faded. 

Greeh. The dark parts nearly all faded out ; tlie few re- 
maining spots much reddened, but no change in the yellow of 
^e lignt parts. 

Yellow. Looking through the paper, the lights appear 
dnrkened by a blneish-green tinge ; the dark part% originally 
a red brown, are changed to a blue-black. 

Red. The lights yellower than before; the darks a deep 
black. 

44'. Chloride of Sodium. — Blue. The lights darkened, and 
the dark parts faded aad leddeiied. Green. Picture ciuii L ly 
obliterated j the yellow unchanged. Yellow. The lights 
tinged a decided blue ; shadows darkened* 

RsD, The lights of a green tinge; but I consider this to 
arise from the deepening of the ydlow hue; the dark ports 
blackened. 
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45. Muriate qfSironHa^'^BLiJE, These ore more permanent 
tban any otbor varietT of the faydriodie idiotograplis. Uodor 
this influence the shaaows are browner than bdbre} the ViehtM 
scarcely changed. Orbek. The yellow mnoh ibcraaiea in 
depth; the dark parts faded slightly and become very red» 
Yellow, The lignts very little tinged with blue ; the darks 
without any apparent change. Bw« The lights deafientiit 
the shadows a fine black. 

46. Muriate of Baryta. — Btj't:. The vellow parts arc be- 
come brown; thedark purtions lacled and reddened. Uheen. 
Lip^hts unchanged ; the dark parts very red. Yellow. Lights 
unchanged; shadows tinged green, over a veiy decided black- 
ening which has taken place. Red. The yellow much height* 
ened; the dark parts niucli tinged with green. 

47. HwirocJUoric Acid, — Blue. Faded out; lights dark* 
ened. ub&bn. Faded out; yellow mttoh mcimaed. Yei^ 
LOW. The lights rendered very yellow t daiks ancfaanged* 
Red. Yellow oeoome very atrong; llieshadowB are very much 
bladiened. 

46. ifydtMiUe iif Batytcu^Undw this head it will otdy 
be neoessary to name the eflects on three kinds of photo* 
graphs, the others being very similar in all their changes to 

tiiose just mentioned. 

49. Muriate of Ammofiia»' — In niy paper on the influence 
of coloured nieoia, vol. xvi. p. 270 of your Journal, I have 
already mentioned the singular change vvhicii ensues upon ex- 
posing this kiiui of tlrawing to light under media such as we 
are now coiiaiilci ing. To that paper 1 reler you. 

50. Muriate of Baryta, ^Blve, Faded m the dark parts, 
which are become a briek red ) the yellownesa of the lin^ts 
increased. Obbbn« The liflhts iinchiin|Kd ) ihe shadows sul^ 
fused with a pink hue. xiaxow. Li^ta unchanged i sha- 
dows much daricened and strongly tinged with a li^ht blue. 
Ren. Lights unchanged ; dark parts a deep blue. These sin- 
gular effects) which) although they are traceable on nearly all 
tliose photographs which blacken by afler exposure to sun- 
shine, ore much more decided when the salts of baryta in one 
or other ol the processes have been used. 1 communicated 
these facts with others to Sir John Herschel, who hn*? paid 
me a very high compliment by iiiserting my coninunucation 
in his valuable memoir ''On the Chemical Action ot the Solar 
Spectrum." I the less regret my inabiiiiy to pursue my obsei^ 
vations on the effects of the pure prismatic rays on the hv^ 
driodic preparations^ finding that the subject is one whlcni 
amon^ others equally curious and importanv is engaging the 
attention of this eminent philosopher. 

51. Muriaie Slrantia, — Blub. Lights but very little 



Digitized by 



oi Photographic AgaUu 268 

changMli darkiB faded and raddeoad. OBEnf. Liybla mt* 

changed; shadowilais ftidcd, not so red. Ybllow. Liahtoim- 
chained; dark paria a blue-blaok. Hbd. Lighta unchanged; 

dark parts become very black. 

52. From a careful perusal of these results it will appear 
that this curious darkening of the finished picture is most evi- 
dent under tiie influence of ixd ligfit, but that this property 
extends up to the green rays, beyond which a different power 
is exercised; the deoxidizing influence appeal in<r to be great- 
est in the biue lays, whilst tlie yellow iodide oi silver suffers 
dacompoMtion in the most refrausible rays* 

58* J%e fading q/' Hydrhdk FMqgraphi^l have befora 
notioad (30.) Um Want orabaoluta permanance in thaaa pieturea. 
The study of ibe modmcptmndi of scilar li^ht in its action on 
them opens some very remarkable facts m relation to tha 
iodide of silver, which when first obeervadi led ma to believe 
the existence of two distinct salts, whereas I now entertain a 
diiFerent opinion. The drawing fades first in the dark parts, 
and i\s they are pcixeivetl to lose their definedness, the lights 
are bccn to darken, until at last the contrast between light and 
shadow is very weak. 

oi. If a dark jKiper is washed with an hydriodate and ex- 
posed to sunshine, it is lir^i bleached, becoming yellow) then 
tha light again darkens it ; 11, when quite drv, it is put awaj 
in the darlsp it will be found in a few days to be again restovad 
to its original yellow^ which may be again darkanedi bnfc not 
so easily as at firsty and tha yellow colour is again restored id 
the dark. The sensitiveness to tha influence of li^ht dimi- 
nishes afler each exposure, but I have not been anakuad loaiw 
rive at the point at which this entirely ceases. 

55. If a dark paper, bleached by an hydriodate and light, 
be again darkened, am! then placed in a bottle of water, the 
yellow is much more (juickly restored, and bubbles of gas will 
escape freely, which examination will show to he oxygen. 

56. By liiclosing pieces of hydriudatcd paper m u Lube to 
darken, we discover, as might have been escpected, some hj* 
drogon is givan oC If the paper is then waU dried and eara- 
fully shut up in a warm dry tube^ it remains dark ; moisten 
tha tnbe or the papati and the ycHownass is speedily fe- 
stoiad, 

57« Take a photograph thus formed and place it in a vesaal 

of wateTf in a few days it will fade out, and bubbles of oxygen 
will accumulate around the side. If the water is examined, 
there will be found no u aee ofelilier silver or iodine j thus it 
is evident the action lias been conlmed to the paper. 
58* We see that the iodide ol' silver has the^power of sepa- 
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rating hydrogen from its combinatUNis* I cannot r^;ard this 
singmar salt of silver as a definite compound: it appears to 
me to combine with iodine in uncertain proportioiis* In the 
process of darkening the liberation of hydrogen is certain; 

but I have not in nny one instance been enabled to detect free 
iodine ; of course it must exist either in the darkened surtace, 
or in combination with the unaffected under layer; possibly 
this may be the iodide of silver, with iodine in simple mixture, 
which, when light acts no longer on the preparation, is libe- 
rated, combines with the hydrogen of that portion oi moisture 
which tlie hysrometric nature of paper is sure tofumisb, and 
as an hjdriodate again attacks the darkened snrftce, restoring 
thus the iodide of sUver. This is strikingly illustrative of the 
fading of the photograph. The picture is light iodide of sil- 
ver and dark oxide of silver; as the yellow salt darkens under 
the influence of light it parts with its iodine, which immedi- 
ately attacks the dark oxide, which is gradually converted into 
an iodide, oxygen, as 1 have shown, being liberated. The fo!- 
lowinp^ experiments go not only to prove tliis position, but 
also serve to illustrate in some measure the action of light on 
this compound. ' 

59. Iodide of Silver. — Precipitate with any liydrioduiej silver 
from its nitrate in solution, and expose the vessel containing 
it, liquid and all, to sunshine^ the espoaed sur&ees of the 
loidide will hlacken ; remove the venel into the dark, and after 
a few hours all the blacknera will disappear: we may thus 
continually restore and remove the blackness at pleasure. 

60. If we well wash and then dry the precipitate it blackens 
with difficulty, and if kept perfectly dry it continues dark; but 
moisten it and the yellow is restored after a little time. 

61. In a watch-glass, or any cnpsule, place a little solution 
of silver; in another, some solution of any hydriodic salt; 
connect the two with a filament of cotton, anil make np an 
electric circuit with a piece of platina wire, expose this little 



seen that iodine is liberated in one vessel, and the yellow 
iodide of silver formed in the other, which bladteiis as qnid^ly 
as it is formed. 

62. Place a similar arrangement to the above (61.) in the 
dark, iodine is slowly liberated. No iodide of silver firmed^ 
but around the wire a beautiful crystaUissation of metallic 
silver. 

63. A piece of platina wire was sealed into two glass 
tubes; these when filled, the one with hydriodale of potnsva 
in solution, and the other with n solution of the nitrate of 
Sliver, were reversed into two watch-glasses containing the 
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sai^e soludonsy the ^iam» being oomiecled with ft jneoe of 
cottflOf as in the ftdjoming figure. 

A few hours of daylight occa- 
•kued the bydriodic soiutioa in the 
tube to become qoite brown with 
liberated iodine; a small portion 
of the iodide of silver was formed 
alon^ the cotton, and at the end 
dipping in the salt or silver. (The 
glasses were kept puipo^^uly wide ^ 
apart to prevent a (juick torniation.) 
IJuring the night the hydriodic liquid became again roloinless 
and transparent^ and the dark sail along the coliun was as 
i^ellow as atJirsL 

64* A corioiis fllnstration of die aotkm I hsve endetToored 
to eloddale, ma^ be had by operating with chlorine* Its first 
actian on one or these hjdnodic photographs is the separation 
of iodin% which^ when exposed to the lignt, is seen to act on 
the edges firsts and oradually over the whole extent of the 
darkened portions. This curious action may be repeated 
until all the iodine is removed from the paper. 

I think it will now be evident, that before we can expect to 
have quite permanent and well-finished hydi iodic photogr;iphs, 
we must have at command the means of removing all the iodide 
ot Sliver without injuring the dark oxide. 

65. On the Action of the dissevered Hays of the Solar Sj)fc- 
trum OH dark photographic Papers xvashed xvith an hj/dt K.dulc 
Liquid, — Sir John Herschel, in his valuable memoir before- 
mentioned, has clearly shown^ ^that the total eflfeet of a ray 
of white light on iodic preparations^ is in fact the diiflference 
of two opposing actions, either of which may be exalted or 
enfeebled at pmsure by ctrcnmstanees under our command* 
but difficult to r^nodnce exactly at our pleasure. When 
these opposing actions," I still qtiote Sir John's words, ** ex- 
actly neutrahze each other, the paper is insensible. When 
tttber preponderate, it is positive or negative in its charac- 
ter, according to thai of the })reponderant action; nay, it 
may at one and the suiiic mynient be positive to light inci- 
dent under certain circumstances, insensible under otherS| and 
negative under a yet diflerent illumination." 

66. These singular facts were noticed by me in a very 
early stage of my inquiries ; and you may perhaps remember 
my forwarding toyou, with some specimens illustrative of my 
paper on ^ The CSiemical Action of tiie Solar Spectrum,'* an 
nydriodated photograph, which exhibited the effbcts of co- 
loured media in dMrmininff the action** 



• See Sir John Henelid*f meiDoir *0b the Gbenucal Action of the 
Ibfi of the Sotar SpectnuD/* FUL TVaai. 184C^ Art L 
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67. It is essential to a right nnderstandiiy of the following 
results, that the absorptive power of the media I used in mj I 

experiments be set forth. Into a frame were £xed four ooloiiitd 

glasses. 

A PURPLE GLASS, cuttiiig ofT all the rays below the greei^ a 
portion of the green beii^jr also absorbed. 

A oifFEN GLASS, atl Ml i Ltiu|z thc permeation of those r:ivs 
only which He between the least refracted extremity of die 
blue and the extreme orange. A portion oi' Lht^ yellow rajs 
are absorbed. 

A PALE AMBER GLASS, shortening the spectrum by the vio- 
let and indigo rays onlv. 

A RED OLASSi abfloroiiw all the most refrangible rays, per- i 
mitting those only which Be below the blue to permeate. 

68. If any of the aenmtlve darkened photographic papers 
(a, b, c, dy o,), washed with a good hvdriodic soludon^ be phu%d 
an dose contacti &oe to face, with an engraving which hat 
been rendered trasisparent by being well soaked m water, aad 
eiposed to swishine with the above frame superpos^ we 
produce (to use Sir J. Herschel's nomenclature) a poative 
and a negative photograph on the same sheet. Beneath the 
blue glass Uie picture is copied as perfectly, but not quite so 
quickly, as under a colourless glass, the lights of dieeii|gravh^ 
being correctly copied on the photograph. 

Renonth the green glass the lights and sliadows of the pho- 
tograph arc cotnpletely reversed. In all the parts which cor- 
i-espond with liie lights of the engraving the oxidation is much 
exalted, the paper having assumed a defined blackness. The 
darker parts of llie engraving are co}iied in lights not simply 
formed by the contrast of the (original brown of the paper 
w ith the induced blackness, but by a positive brightening of 
the parts. 

Beneath the yellow glass the results are singularly uncer- 
tain. Oileu on the same sheeti with the same hydrlodic so- 
lution, two experiments will give totally different results. I 
send fou two specunens in proof of this, prepared In eveiy 
wav alike» and both executed within the lame nalf-*hoar« 

Under the red glass a reversed picture is formed* nUlyike 
darkening qf the oxides which retains its orifirinal colour^ bat 
by the eating out of strong lights under the murk parts of the 
engraving. 

0O» From these results it Is evident that the blackening 
action on the wet hydriodidated paper is dependent on a 
different class of rays frcnn those which blacken the finished 

drawings : in the wet process I ever find the maximum of 

darkness beneath the green glass, or rather within the hmita 
ut the green and yellow rays, little or no darkennig effect 

being evident in the red rays; whereas on the dijf picture 

« 
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the maximum of effect U in the red rays (42 — 50.)* I am ia* 

clined, however, to believe, that examination of ihisu phosno- 
nicna by a fixed ?;]X!cLruii) will prove a shifting of tlie actions 
according to tht^ kuids ot paper used; but I am satisfied the 
entire action will be confuied in the one instance to the green 
and yellow rays^ and in the otiier to the orange aud red 
rays. 

70. The f cry curioui brwhteniiig of those parts of the pho* 
tograph corresponduig wilb the iUurks of the engravings et- 
t»cted toy attention powerfully. My first imprcaiioa wasf 
that the carbonaceous matter of the ink used in printing ex» 
erted a kind of catalytic action in direetUig the forikuitiQn of 
an iodide of silver*. 1 think 1 have proof of this to some 
extent. 

71. Most prinlid pages, unless they are very old, when 
plnce<i in juxtaposition in the dark witii an hydrioditlated 
photographic paper, leave an impression after some liums, 
and 1 have succeeded in })arLiaUy copying some eti<;raviijgs 
thus. However, the result is uncertain ; the copy, at all 
times faint, is often very imperfect, being sometimes bleached 
In circles^ of which a letter or two form the centres ; at other 
times the letters are copied, but all of them shaded from an 
extension of the bleaching action. 

7S* From effects I noticed from the accidental contact of 
some carbonate of iron, I was sanguine of being enabled to 
copy a written page. In this I was disappointed. I have not, 
with any of the numerous kinds of writmg ink which I Ii;ive 
tried, succeeded in obtaining the slightest trace of a letter oa 
the photographic paper. 

73, From the rapidity with which this ellLcl i:* productid 
when the pliolonraph and engi aving are exposed to light, it is 
evident some otiier cause than the one I have just considered 
was in active operation, A careful examination of the pho* 
tographs Ibrmra under the before-mentioned glasses, particu- 
lany under the red glass, convinced me that the quickening 
agent was to be sought for in the calorific rays, which are ab« 
sorbed and retained with greater force by the dark parts of 
the engraving. 

74. I o put this notion to the test, I placed n printed page 
in contact with a paper wetted with an iodidated solution, 
over which I placed a glass, and then a plate of copper, which 
I made hot by rubbing it with a heated iron. The passage 
of the heal Llireugh the glass was sulficient to cfiecL lair a 
copy us is produced under the red glass by the influence of 
light. 

75* These researches, which were pursued with a view 
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alone to an explanation of the peculiar mode of operation ex-> 
hibited by the hydriodic salts on different preparatioiis of silver 
under the influence of light, have thus opened a new and 
unexpected field of interesting inquiry, which may possibly 
end in the establishment of the new art of TuniMOGRAPHV. 

I sHall pursue this subject with the same interest by which 
I have been led ioi ward in my inquiries on Photograpliy since 
the publicfition of Mi. Talbot's processes and those of Da- 
guerre. For a few interesting applications and curious dis- 
coveries which I have made I merit not» nor do I seek praise. 
To every inquirer there is a mine of discovery^ of which the 
lew specimens I have gathered on the surlkoe will, I trnsti 
show the richness of tlie yet buried treasure. 

I remain^ Gentlemen* yonrsi &c» 
Derooport, Joly 4, 1840. ROBBET Htmr. 



XXXIX. Oft ih€ Form ^ BuHle. Bv W. H. Miller, 
JSs^.) Prqfmor qf Mineraiqgy in the tlmveruty of Cam- 
bndge, 

rpHE following values of the angles between normnls to 
-■• the fares of rutile were obtained from two extrenieiy 
perfect crystals, for which I am indebted to Mr. Brooke. 
The instrument used as a goniometer Vt as a twelve-inch theo- 
dolite. The coincidences of the signals were observed with 
a telescope having a power of about twelve. Each resnlt is 
the mean of two observations made with the signals inter- 
changed» in order to eliminate the error arising from the im- 
perfect centring of the crystal. In one the faces 
(fig. 1.) gave £uble images, those in //" being close and Ul- 

Fig. 1. Fig. S. 




defined. The observed values of were 65^ 83' O'^— 30" 
—8"; those of G5 or 34' 26", according as 

one or the other of the images was made to coincide wiili the 
signal seen by direct vision. In the second and more perfect 



Digitized by Google 



Prof. Miller m the Form of RiUile. 999 

of the two crystals, the observed values of p pf^ were 65** 
34'24"-36"— 51''-27"; those of/? f were C^B"" 3V 27"— 53" 
— 5,5"— f?5". The values of /^'yV", p;^' given by the second 
crv^tal, a^iee very well with eac!i oilier, aiul with the larger 
of die twu values o\ ppf' given by the first. Tlie uieaii of 
these three, 65'^ 34-' 32", wiU probably be very near the truth. 

The sphere of projection (fig. 2.) exhibits the poles of all 
the laces observed by Mohs and Levy, as well as by myselC 
The symbols of the simple loiais are 

g (UO), h {810}, i (I00}f 
r {$fOh « {410}, « {001}, 

p {101], s {ill}, * {9^0}, 
{321}, t {313}, fi {710}. 
1 he calculated angles between normals to the fiiees «re 
/r 90° 0' Ir 3aP4V pp' 4^ ^ 

45 0 el 90 0 £6 52 

lu 8 7-8 32 47-3 pi IQ 14 

/•rU2 C5 42 20 rj^SOiO 

1H26 c/ 3*10-6 61 14-8 

//i 26 33-9 C2 06 42-S 41 43»S 

^ is the intersection of the zone circles Jij/v, s|^', cri / is tlie 
intersection of the zone circles 7)/', c e. 

Of the crystals above-mentioned, one is a OOmbination of 
the s, fiiple forms having the faces I, h, e, p, t; the Other of 
those having the faces g, e, u, p, s; / was observed by 
Levy {Dt'scription cTtmc Collect io7i de Mineraux), 

Jn the collection of minerals presented to the University 
by Professor Wliewell, a crystal occurs which is a coml>ina- 
tion of the forms having tlie laces h, r, r, 77, ~, ami also others 
which are combinations of the forms having the laces .r, 
and OcaisionalI)r c, /, ^, A, e. Among the latter are several 
twifts (fig. 3.), in which the faces cp, p,, are all in one zone, 
aod the angle between nonmus to cc^, rather more than 55^. 
On account of ^e unevenness of the faces, this anjrle could 
not be accurately measured; If the twin plane were parallel to 
a plane the pole of which is the intersection of the zone 
circles the symbol of 9 would be (301), ci? = 62^ 

88'% ec^ = 54* 4S'-2. Hence probably the twm plane is 
paraUeltoaftceoftheform {301}. The twms of most usual 
occurrence are those described by Haidingor (Edinbundi 
Journal of Science, vol. iii. p. 62.). Mr. Brodte measured £e 
angle between the faces / (fig. 4.) of one of these twins in 
his collection, and found that it agreed perifectly with tbesop- 
pofiition that the twin plane was panUd to one of the bees jr. 
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The values of f p, c deduced from the observed vnlues of 
ply s^, given by W. Phillips in his Minerniogy (ihiid edition), 
are S2 tJ and ^'2^ 20', My deteriiiiiiftLion o( these angles 
difiers only about two minutM from the former, and agrees 

Fig. 8. Fig. 4. 




exactly with the hitter. Unfortunatelv the figures which 
were intended to express the angles , ss" (** a ox\ a over 
.siiiuiDii — 90^, con c over summit = 109^ 4*7'") are very 
erroneous, probably through some mistake in transcribing 
them, for the error*; (which remain uncorrected in the fourili 
edition; aru mueh loo large tu iuive been errors of observa- 
tion. 

. St. Joliii*t Oollese, Aug. 81, 1840. W, H. MiU^r. 



XL. Note upon Mr. Griffith's Paper " upon ilic tnic Order qf 
Succession qf the Older Stratified Ilochs near Kuiamcy and 
Dublin'* Btf Charuus William Hamilton, F,G,S, Sgc/^ 

nPHERE are a fair points in this fiaper W which { think 

it necessary to reply. 

I brought forward the result of my own observations with 
diffidence, because I felt thnt they had been few and imper- 
fect ; but I think (hey are not useless, and lliat 1 have, as I 
then hoped, " pointed out an interesting field of inquiry, and 
helped to show that a large portion of Ireland still a sub- 
jcct for Geological debate;" and beside^, 1 am still convinced 
that my observations, as far as they went, were not inaccurate, 
as Mr. Griffith asserts, although nis Mihsequent obsenrations 
majr have shown that some of my conclusions were so, 

Mr. Griffith has represented the fault which is observable 
at Brickeen Island (L. & E. Phil. Mag. yoU xvu H. S. fig. 2.) 
OS involving an u|>cast of about thre^ thousand feety ana the 
beds of chloritic slate, quart3&-rock| and old red sandstone as 
cropping out at a low angle on the south-eastern slopes of 
Glena mountain, at the base of which the fault is to be seen. 

Now in this case I am thoroughly convinced that my re* 

^ Consmaieatail fcjr tha AiitiMr. 
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presenutioo i» oorrect and Mr* Griffith's inoorrect s ¥nd as it 
18 a point easily acevssible to any geologist who may visit 
Killarney, I do hope that some ooe will take the trouble of 
comparing the two observations. I believe that the suo 
cession of the strata is in exactly the reversed order, that 
there is an anticlinal on the summit of Glena mountain, that 
the strata on the south-eastern slopes dip to the S.E. at nn 
angle approaching very nearly to the perpenflictilnr, nnd that 
consequently the B)ates at the back of La ly Kcnniare's cot- 
tage are in the highest aud not the IffmeU part oi the series 
there developcil, 

Mr. Griffith attaches much iiupuiLaacc Lo tlie iliilerencc 
of strike upon the opposite sides of the fault I have made a 
great many carefbl observations, and although until we get a 
correct map it would be impossible to lay these down so as 
to draw any correct conclusions f^om them« I may observe 
that the observations taken at the same side of the fault vary 
quite as much among themselves as they do witii those on the 
other side. 

In p. 17S Mr. Griifith says, it appears tx> me that Mr. 
Hamilton is mistaken in separating the old red sandstone 
from the Devonian system but the very quotation he makes 
explains clearly that I made no such separation, but referred 
the compact arenaceous rocks overlying the cuai hc red con- 
glomerate to the upper part of the Devonian system. 

I shall not occupy your pages with other points in which 
I am still hardy enough to rely upon my own observations In 
opposition to so high an authority as my friend Mr. Griffith ; 
but I could not leave these unnoticed, because I wish to press 
upon the attention of geologists the fact that the difficulties 
of this district have not yet been cleared awav, and that Mr. 
Griffith is premature in referring to the Silurian epoch, that 
vast de])th of sand-tn^T<^ and conp;!nni( ratc which occurs be- 
tween the bays of Kenmare and Casticinaine, and the wliole 
section between Foillatarriv and Brandon ; 1 iiave before 
expressed my opinion (Journal of the Geological Society of 
Dublin, vol. i. p. 282.) tliai this hitur section bears the 
strictest analogy to that between the Bangor quarries and 
Llyn SchaL and I see no reason for retracting that opinion. 

To Mr, Weaver's remarks and iosiniiatbns of an unre* 
strained indulgence of fancy," &c., I shall not reply ; his ob** 
jections to the possibility of the old red sandstone dipping in 
one phu^e to the south, and another to the north, seem hardly 
to require nn answer ; and the correctness of his observadons 
hsis been already subjected to a sufficiently rigorous inquiry 
by Mr. Griffith, 
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XLI. On the Heat of Vapours and on Astronomical Rc- 
Jraciions. llij John William Lubbock, £s§r., Treas, 
R,S, F,R.A,S. and F.LS,, Vice-chancellor of the JJniversittf 
of London^ 4^. 

[Contiiroed froin vol. xvi. p. 580.] 

On the Fapoiii s of jBther, Alcohol^ Pelt oleum^ and Oil of 

TtprperUine. 

npHE following Table is extracted from a valuable paper 
by Dr. Ure in the Phil. Trans, tor 1818 » 

Table of the pressure of the vapours of cctlicr, alcohol, petro- 
leum or naphtha} and oil oi turpentine. 





AkolMlip.«r* OMS. 


Tnnp. 


„ 

Frntutc 


Temp. 


^ 


• 

Ikhr, 












h 


Jncti* 


A 




0-40 


44 


8*10 


40 


0-56 


54 


10*30 


45 




64 


13*(H) 


50 


0-86 


74 




• ) . ) 


100 




20-00 


60 


1-83 


94 


24-70 


65 


1-49 


104 


S0<M) 


7'> 


1-76 






75 


210 






2tia. 


JElher. 


80 


2-45 






85 


3*93 






105 


30-00 


90 


3-40 


110 


32-54 


95 


3-90 


115 


35-90 


100 


4-AO 


120 


39-47 


105 


5-20 


12a 


43-24 


110 


C-00 


130 


47-14 


115 


MO 


lari 


51-90 


120 


8-10 


110 


5n-!M) 


125 


9-25 


115 




130 


10-60 


150 


67-60 


135 


12- 15 


155 


7.3-60 


110 


i;ioo 


100 


80-30 


, 145 


15-1»5 


165 


80^0 


150 


1S(H) 


170 


92-80 


155 


2o;}o 


175 


99-10 


160 


22-60 


180 


100^ 


165 


25-40 


185 


11610 


170 




190 


124-80 


173 


30-tK) 


195 


133-70 


178-3 


88*00 


i?no 


142-80 


180 


34-73 


205 


151-30 


182-3 


36-40 


210 


166-00 


185-3 


39-00 




190 


4840 



Akaholip.gr.om 




Temp. 


Pmturc. 


Temp, 
r 




Fabr. 




fUir. 




1^-3 


lacb* 
46-00 


Ao 


Inch. 
dO<)0 


; 196-3 


50-10 


320 


31-70 


200 


53-00 


325 


34-00 


206 


60-10 


330 


36-40 


210 


65-00 


335 


38-IH) 


211 


69-30 


340 


41-<»0 


216 


72-20 


345 


44-10 


220 


78-50 


350 


4(;-8G 


225 


87-50 


355 


50-'_>0 


! 230 


94-10 


360 


5;{%to 


232 


97-10 


;{(>5 


5H-yO 


236 


103-60 


370 


60-70 


238 


106-90 


372 


61-90 


840 


111*84 


875 


04*00 


244 
247 


118-20 
122-10 






Oil of TuipcoUM. 


848 


120*10 










249-7 


131-40 


Temp. 




250 


132-30 




252 


138*00 


3^4 




25i-;j 


148*70 


3000 


1 258-6 


151-60 


307-6 


32-60 


2G0 


155-20 


310 


83*80 


262 


161-40 


315 




264 


10610 


320 


37-06 




889 

32G 
330 
336 
340 

343 

a 17 

350 

:i54 

357 
360 

3G2 


87*80 

40-20 
4210 
45-00 
47-30 

49-40 
51-70 
53-80 
56-60 

58-70 
60-80 
62-10 



C* Or niiL Mag., Fint Seria* vol. Ini. O&j 
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From these observations I take the foliowtqg data ibr nther 

p = 1 $ 730 

// 16600 

Hence for asther 
^ .03153 y = i 0325 E = '67086. 

For alcohol 

F = -55- 6^ » 200-0'^ 

= C0-1830S54]. 
^ = 04025 y = -96131 iB = 1-56796. 

For petroleum 

i> = 1 ^ = 284^ 

, 46*86 

p^- 1 

= [0«5976«]. 
^ = - 0*6268 y s I-066S E sa 'MSM. 

P^i^ iM^. & 6t VoL 17. No. 1 10, 0^ im, T 
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" For oil of tuirpentlne 

- 1 ^ = 272^ 

P = — '1816 y « 1«2219 E = — •73a37* 

And hence for the vapour of rctliLi* 

^ ^ [2-2601058] _ , 

For the vapour of alcohol 



For the Tapoor of peiroleum 



^ [2-6940380] _ ^^go 

For the vapour of oil of tarpenttnt 

. [SU66099] ^^30^ 

1816 ^. .73937 

Tlie temperature being reckoned in Fahrenheit's scale and the 
pressure in atmospheres. 

Mr. E. Russell has calculuted for me the following table, showing 
how far the above formulae represent the observations of Dr. Ufv* 
The results are exhibitad in the plate aonesedi and it will be 
seen that the discrepancies between the theory here suggested sad 
the results of observations are chiefly owmg to the irregularitiet of 
the latter, which ariae doubtless from thegrealdiflkmlties inddeotil 
to such experiments. When the pressures are small^ the vaf» 
tioo of temperature becomes great for a small variation of pressure, 
so that the agreement of theoty with observation may be considered 
as complete, even if the absolute amount of the error of the caica- 
ated teoBparaturt is tlien more considerablew 
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Inch. 
6-20 
810 

10-30 

ia-00 

16-10 
9fHM> 

24 -7 n 

30-00* 

33-54 

47*14 

Sl-fMI 

56-90 
68-10 

86-40 

9S80* 

99-10 



1 

11610 
134-80 
13370 
142-80 

irano 

166-00* 



30-8 
42-2 
53-9 
63-5 

94-9 
105*0 
109*3 

1117 

119-y 

135-0 
199-8 
135-4 
140-8 
145-9 
1510 

\:>t;-2 



o 

-3-2 

— 1-8 
~M 
-0-5 
^0-4 
+04 
+0-9 

0-0 
-0-7 

- (>■;{ 

-(M 
0*0 
-0-9 
+0*4 
+0-8 
-I-0-9 
+10 
+1-9 



161-61+1-6 
166-2 +1-2 



170*8 
175-0 
IfM 

IR'.I 
11HV2 
191 9 

•203*5 
910-0 



+0-8 
0-0 
+0« 

+ 01 
+0-3 
-0-1 
-0-5 
-1-5 



AlcoboL 



9p. sr. 0-813. 



Inch. 

010 

0- a6 
0*70 

iOO 

1- tS 

111) 

17H 

2- 10 

2- 15 

3- 93 

3- 40 
»00 

4- 50 

5- 20 
600 

7- 10 

8- 10 

9- 95 
1040 
1215 
13-9«l 
15-M 
1 80<) 

2o:k> 

22 GO 

25-40 

38-30 

30O0* 

WSO 

347.1 

36-40 

39*90 

49*90 



43-8 
48-1 
5.1-3 
67-9 
fl!^6 
67-8 
724 
77-4 
81-9 
87-3 
01*8 
06*1 
1007 
105-4 
110 2 
1160 
1207 
195*5 

im 

1.15-6 

140-8 

144HI 

15 M 

15(1-1 

1G()*7 

165-7 

170-4 

173-0 

170^1 

17fl-<i 

181-S 

186* 1 

18»f 



eilc. 



+ f'6 
+3*8 
+3*1 
+3-8 
+9-9 
+3-6 
+3*8 
+ 2'i 

+ 1*9 

+3-3 

+1-8 

+ 1*1 

+07 

+0*4 

+0*2 

+ 1*0 

+0*7 

+0*51 

+0«l 

+0-6 

+0-8 

+ 1-3 

+11 

+11 
+07 
+07 
+0-4 
0-0 
*<HI) 
-0-4 
-0-5 
+0-8 
-0-1 



Inch. 

46*60 

50*10 

5300 

00-10 

65-00 

69-30 

72-20 

78-50 

87-50 

94-10 

07- 10* 

iua-(K) 

106-90 
111-24 
118*30 
12210 
136-10 
181-40 
139-80 
138-60 
143-70 
151-60 
155-20 
16140 
166-10* 



193-6 
197-1 
199-9 
208-3 
310*8 

3137 

215-8 

220-;i 

23U-3 

330*3 

333*0 

235*6 

237*4 

2;i9-8 

343-3 

245-2 

947 1 

949-6 

950K) 

959-8 

355*9 

358*3 

259*8 

2»)2-2 

964-0 



Error, 



+0*3 
+0-8 
-0-1 
+0*3 
+0*3 
-0-3 
- 0-2 
-I- 0-3 
+ 1-3 
+0*3 
0*0 
-0*4 
-0-6 
-0-2 
-07 
-1-8 
-0*9 
-0-1 
0-0 
+0-8 
+ 1-6 
-0-3 
-0-2 
+0-9 
0*0 



Inch. 
30HW* 
31*70 
34-00 

3f]-40 

38-90 
41-00 

44-10 

4«'8IT« 

50-20 

53-30 

56*90 

60- 70 

61- 00 
«4W 



3160 

320*1 

335-4 

330-7 

S85-5 

MO-7 

345*3 

350-0 

355-4 

360-9 

365-4 

370-7 

l7i-3 

mo 



O-O 
+0-1 
+0-4 
+0-7 
+0-5 
+0-7 
+0-8 

0-0 
+0-4 
+0-9 
+0-4 
+0-7 
+0-8 

0^ 



Inch, 

30-00* 
09-00 

83-50 
85*30 

37*»6 
37-80 

IfV-JO 

42-10 

45 -OO* 

47-30 

49^ 

51-70 

53*80 

56-60 

68- 70 
60-80 

69- 40* 



Temp. 
i'a'a'. ' Errof. 



304-0 
310^ 
819-7 
316-6 
330-6 

339- 9 
327*1 
330-8 
336*0 

340- 0 
343-4 
S47'0 
350-2 
354-3 
35 7*1 
359*9 
369-0 



o 

0-0 
+9-9 
+27 
+ 1-6 
+0-6 
+0-9 
+11 
+0-8 

0-0 

0-0 
+0-4 

<H> 
+0-9 
+0-3 
+0-1 
-0-1 

0-0 



Tlie observations mnrked with an astcri.sk are those which were 
employed in procuring tlie constants E. 

The £elhcr which was observed hy Dr. lire below the pressure 
of SO inch, appears to have been slightly different in quality from 
the other ; in estimating the compuiiaun iliib uicum&tance should 
be boriie in miijd. 
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OxV THE CONDITIONS OF THE ATMOSPHERK, 
AND ON TU£ CALCULATION OF HEIGHTS BY 
THE BAROMETER. 

The same principles are applicable to the constitution of the 
atmosphere ; but we are far from possessing such extensive and sa^ 
tisfactory data for testing the accuracy of Uie formuiie* The best 
observations for tliis purpose are those of M. Gay Lussac, recorded 
by M. Biot in the Connaissanee des Temps for ISil) in the follow- 
ing table. 



Table de$ observations par ordre de havUwrs btaromdriques. 



\ 

Numfroilc* , 
par ordre de 


1 

Tempt- ratures 
en (legT^ du 


Morennc dcs 
deux hygro- 


Il.iutciir niDVOiino 
ilu KirointHro ilaiis 
I'.itinoKuhtTf, 
ramciit.-c a cirllt! d'uu 
baromMre i niveau 
ooattAQt. 


1 1 au t cu rs corrcupond. 

ante* au-d«*««ti(i dc 
rotiKTv.itniri' dr 
Paris, cali-uUt". juir la 
formulc h.irurm-irifjuc 
dc M. LkpUce. 


1 


-1-31)75 


5^*5 


076668 


at 

OHM) 


2 


12-50 


620 


0-5381 


3032-01 


3 


11-00 


50-0 


0-5143 


3412-11 


4 


8*50 


ar-s 


d*4968 


8«»l*45 


5 


lono 




0-4905 


3816-79 


G 


1200 


30-9 


0-4M6 


4264*65 


7 


11-00 


29-9 


0*4696 




8 






0-4528 


4511-61 


9 


8-75 


29-4 


0-4528 


4511-61 


10 


8-25 


27-6 


0-4404 


4725-90 


11 


6-50 


27-5 


0-4353 


480874 


12 


5-25 


30-1 


0-4229 




13 


1-00 


3.1-0 


Oltll 




14 


4-20 


27-5 


()-4114 




16 


2-50 


32-7 


0-31»85 




l(i 


(hOO 


351 


0-3918 




17 


-1- 0-60 


80*2 


0-3901 


5674-85 


18 


- 3 00 


32*4 


0-3717 


6040 70 


19 


- 1-50 


32-1 


U-3696 


010719 


90 


~ 3-S5 


83'9 


warn 




21 


- 7-00 






6884-14 


22 


- 9-50 




0-3288 


6977-47 



I shall employ the lst» 5th> and 21st observations Ibr the deter* 
mination of the constant^ and I propose then to calculate with these 
constants the temperatures corresponding to the intermediate obser- 
▼ations* As the pressures are proportional to the heights of the ba* 
rometer, if the variation of gravity be u^Iected we mnj take the 
heights of the barometer to represent tbemi and we hnvc 
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* •« * . 

y = -3339 - 7*^00 i. + r = ^sd-er 

Ifind 

The qaantity between brackets being the logerithm of tbe corre* 
^ponding number 

/3 = — •32931 y = 1*4910 

^ (0'(^'')-a^') 

^^-^ fr±i 

as — 11G18 //= •53772 

^-32931 + 1.16 1 8 

in the centigrade leale^ the j^ressure correspondinff to *76568^ of 
neieury in the banNneler bemg nnity. In Falirenneit^s acal^ 

[3-0634582] 

32MI + 1.1618 **° » 

the pressure correspond ini; lo 30*11 inches ol inercnry being unity. 

If wc take y = 1*5, ;u>5uuiiQg the 21st ob:»crvuUaa of M. Gay 
Lussac, E = — MiiJO, 

The difference in the results obtained with these constants Ironi 
those obtained wiili the other system of constants y = 1*4910 and 
E = — 1*1618. is fjuite iii:3ii^iijlicant, only changing the density 
ftlightly in the iitih place oi decimals. By taking y = 1*5 

so thai the expression ibr the density becomes more simple, con- 
sisting of only three terms, c"^", c"***, (as will be seen litrc- 

afler), which is Advantageous in the theory of astronomical reiirac- 
tions. 
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Mr« BusseU has calculated for me the following tablep by means 
of my expressions^ and with the constants 

y = 1-5, Em 1192: 



No. 


Obierred 
(fOMUra 


QJcnUtfd 
nnw. 


Tfloaperature r. 




CakuUted. 


Obserrcd. 


Calculated. 


1 

« 






4-3^-75 






9 


•5381 


1^8U5 


14-74 


12*50 


-74276 


3 


«6U8 


9*131 


lt'68 


11*00 


*71514 


A 






IMO 


8*50 




5 


•4905 


»-876 


10^52 


10-50* 


•68736 


6 


•4666 


8^688 


8^94 


19-00 


•85828 


9 

w 

8 




9*A7a 




mm, VV 




9 


•452a 




6-87 


8-75 


•64299 


10 


•4404 


3-926 


5-61 


8-25 


•62828 


11 


^4353 




4-99 


6-50 


•62222 








3'67 


y» 




la 


•4141 


3-S36 


2*80 


1-00 


•89689 


14 


•4114 


3<989 


9-61 


448 


•89348 


15 


•3885 


3-498 


1-05 


9-50 


•67818 


10 


•3918 


S-512 


0»28 


0K» 


•57010 


17 


•3901 


3-533 


+ 0K)8 


+ 0-50 


•56805 


18 


•3717 


3-779 


- 8^12 


- 3^ 


•54578 


19 


M6 


3-800 


- 9-37 


- 1*50 


•84891 


20 




3-835 


- 270 


- 3-25 


•54004 


21 




4-295 


- 7-00 


- 7-00* 


•49947 


22 


•8888 


4-369 


- 7-70 


- 9«) 


^9917 



The obeenradons marked with an asterisk are tfiose which were 
employed in deducing the constants. 

The temperatures calculated by Mr. Russell from my formula 
may be considered as identical with the " tempi'raturc regularisee 
par la continuity", given by M. Blot in the Cmn. de^ Tcmps^ 184-1, 
p. 13. The observations* of M. Gay Lussac of temperature are re- 
presented in the following diagram: 



* The irregularitieb of the obsenratiou of temperature In ttnv future a&ccnt roiglit 
pcriMtpv Im dfaaiiMwd if Uw bdhst were auflbrcd to escape grj^uall/ in ft c wtfin itil 
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At firit the decrements of temperttare ore netrly cqtwl for 

erjual increments of altitude. These observations by no means 
furnish so good a criterion of tho accuracy of niy formula as the 
observations which have been made of the temperature of steam 
and other vapours. The determination of the consiants y and E 
for the atmosphere must be repeated at some future time ; for it is 
obvious [that no great reliance can be placed upon the extreme 
precision of dift t«1u<w now obtained^ until otner ascents have 
been made, and many similar obserrationa have been eompared 
gether. We may then hope tp obtain oonstants acenrately apper- 
taining to a mean state of the atmosphete, and the variations which 
take place in their values corresponding to fluctuations of the tem- 
perature ; the pressure and the humidity of the atmosphere at the 
earth's snrface may then be investigated. M. Biot has suggested 
that balloon"^ furnished with self-registering instruments should 
be moored over each of the principal observatories of Europe. This 
plan appears to me subject to great difficulties. The weight of the 
line attached will diiiiluish the buoyuncyi so that I apprehend it 
will be found impossible to send up a balloon so fastened to any 
considerable altitude. The escape of gas will, I imagine, render 
it very difficult to maintain the balloon at the same height for any 
length of time. The height of the balloon will also be subject to 
great variations from the tension of the line changing with the force 
and direction of the wind. X am disposed to attach much greater 



* Dulong fottiid, for sinuMplkaria'sir* fSifHilf diy* y ■» l*4Sl, 8m PoImod, MUn 
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value to well-regulated ascentSf in which every effort should be 
made to reach the highest possible altitude, ana of course simulta- 
neous observations snould be made at the earth's surface at such 

short intervals of time that every observntion of the aeronaut may 
be comparable with a similar oljservaiion at the surface of the earth. 
As, however, the deusity and temperature of the atmosphere above 
the height of five miles from the earth's surface can never be the 
subject of direct expui iniciitaud observation, the observations which 
can be made u|}on the conditions oi bteani and other vapours will 
always maintaiD an indirect importance from the light which they 
throw upon the conditions of the atmosphere* I do not think that 
an examination of observations made in aerostatic ascents will ever . 
furnish a sure guide to the relation soucht between the temperature 
and the pressure, although if such a relation is furnished by theory 
and corroborated by observations of other vapours, (which can oe 
carried throuc^h a greater extent of the thermometric scale, and, 
above all, through the low pressures where the variations of tem- 
perature become more rapid,) the obervations of aeronauts may 
serve to determine with sufficient accuracy the constants involved in 
the tbnn Ilia for atmospheric air. 

The following table*, calculated by Mr. Russell, shows the den* 
sity and temperature of the air at different altitudes* calculated by 
means of my expressions and with the constants 



Height 
lanuiet. 


PkClllMjP* 


Ta&pcnSiivB r* 


Demity 
f* 




Inches. 


Cent. 


iahr. 


0 


(►76668 


30145 




8^35 


l-OOOOO 


1 


•63718 


25-087 


22-43 


72-37 


•85614 




•£i741 


20-764 


13-83 


56-89 


•73038 


3 


•48399 


17*O60 


+ 4*94 


40*89 




4 


•35480 


1. 1-908 


- 4-23 


24-39 


-.52515 


5 


•28799 


11-336 


13-71 


+ 7-32 


•44223 


6 


•23IH9 


9*130 


93*50 


1 10*30 


•37049 


7 


•18506 


7-2R<i 


33-60 


28-48 


•30841 


8 


•14621 


5-756 


4405 


47-29 


•25512 


9 


•11420 


4-496 


54-82 


66-68 


•20942 


10 


•08806 


3-1 G7 


65-96 


86-73 


*17042 


15 


•01806 


0-711 


127-32 


197-18 


•05034 


20 


•00125 


0-049 


199-38 


326-88 


•00720 


94 


•60000 


0<N»0 


-966*9S 


-44671 


K : i: ■ 





* In calculating this table, the law of Marriouc and Gay Lu^c, expressed by the 

has been impHritlj supposed to hold pood throughout: this of roTir^^c i-; only conjectural, 
•nd His not uiteiKivU to attach prcct&ion to the temperatures) aligned to the great alti- 

[TobecoBtinttsiL] 
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XLTI. On Magutiii'tieclric Inductions in a iMler to JM» 
Giiy-Lussac. % Michael Fabaoay, D.C»L,f JF.B,S.* 

My bbab Si% 

I BEG to address to you the following pages upon the bub- 
ject of eleclro>niagnetisin» and request toe ftvour of their 
insertion in the Aimaks de Odmie et de Physique* They may, 
I feari provoke a contnnrersy that I would willingly airoio ; 
but unoer the existing drcumstanoes I ML coaipelleil to 
adopt the present course of proceeding, for silence, should I 
maintain would be regai-ded as an admission of error, not 
only in a philosophical, but also in a moral pmnt of vieWf 
from wliich I helieve myself wholly exempt. 

You will uiuloubtedly understand that I allude to the 
moir by Messrs. Nobili and Antinori. I adthess myscil to 
voii, because your judgement was sutlicienily favourable to 
mv toniior memoir for it to obtain a j)lacc in your excellent 
und Uul^' philosophical Journal; and because Messrs. Nobili 
and Antmori's memoir being also Inserted, the Anmdes con- 
tain all that has been written upon the subject. I therefore 
venture lo hope that you will not refuse to admit the present 
artlde. 

On the 24th of November, 1831, my first memoir, which 
you did me the honour to insert in the Annales for tiie m(»ith 
of May, 1832 (p. 5 — 69.), was read before the Royal Society; 
and it was the first nnnouncement that I made of my re* 

searches in electricity. 

On the 18th of December, 18f51, I addressed a letter to my 
friend M. Hachette, which he was pleased to communicate to 
die Academy of Sciences on llie 26th of the same month t* 

[• Translated from the .huuilvi dc Chim'u- d dc P^ij/sitjuc, vol. li. p. 404. 
Mr. Farnday, in the preface to his cullcc teil " Ex[)crimeiital Roscarclies in 
Electricit)," publi»litrd la^t year, and reviewed in L. aud E. Phil. Mas,, 
vol.xiv. p.468^ refers to sereral papers ofbitowa, long since publishcdyin the 
following terra*;. " Before concluding the se lines I would beg leave to make 

a reference or two ; first, to my own papers on Kl( ctm-niagnetic Rota- 
*' tionn in the Quarterly Journal of Science, 1822, xii. 74. 186. 283. 416, 

and also to my Letter on MaMeto-electrie Tfidiiction in the Amulet de 
** Chimie^ li. p. 404. These might, as to the matter, very properly have 
•* appeared i» this volume, htit they would have interfered with it as a 
^ simple reprint of the ' Experimental Ilescarcbe»* of the Phil(»opbic»I 
* IVaimetioiis/* As the papers here alluded to are now scarce, and as 
one of them has appeared in the French language only, we propose to 
transfer them in '■'u cp-^ion to our pnp;??, in order that the purchasers of 
Mr. Faraday's volume may be enabled to posses^ in a small compass, the 
entire series of bit researches in eleetricity and megnetism. We begin 
with the letter on Megneto-electric induction, addressed to M. Gaf- 
Luisac.— Edit.] f Vide the L^cte, Mo. 36. 
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Itwas also inserted in the Jmiaks for Deoeaiber,18Sl (p.403.)> 
My second series of Researches^ beariiie date of 91st of De* 
cember, I8SI9 was read before the)Royu Society 00 the 12th 
of January, 1832» and may be found in tha Annales fur JunOi 
1832 (p. 118— 162, )• These are my only pobiications upon 
this snbjcety up to the present tijDe» excepting a few not^ ap> 
pended to memoirs by other authors; and the whole were 
written, and publicty read, nnterior to any pubiioatlOO OH 
the same subje( t, by nny individual whatever. 

During this linic , luy letter to M. Ilucliette, which was in- 
serted in the Annales^ atlrncted the attention ol Messrs. Nubili 
and Antinori, and tiioso iaboiious philosophers published a 
memoir, of the date ul 31st of January, 1832, uud whicli was 
thus posterior to all my publications. This memoir is con- 
tained in tha Amoks for Deoembert 1881 (p, «12^dO>), A 
second nenioiry entitled Nm Eketrihrnagn^icEsBpenminU!* 
by those gentlemen, dated 24thof Mareby J882« eppeared in 
the Annakt for July (p. 280-~304.). 

My letter to M. Hachette, which in his kindness to ma ho 
read before the Academy of Sciences, has, 1 fear, become a 
source of error and misunderstanding, and has been product- 
ive of injury, rrufier than benefit, to the cause ol j)hilosophic 
truth. At the ^al]le time I know not how to explain my 
meanmg, and {)lace the tacts in their proper light, wiilioui 
having the air of complain nig in a manner of Messrs. N ubili 
and Antinori, which to nic is particularly diaagiccabie. 1 
respect those gentlemen, on account of all they have done, not 
in rdation to electricity alone^ but for the causa of scianoa in 
general; and were it not that the contanu of their memoirs 
oblige me to speak, and leave ma only the altemativa of td* 
mitting or denying the exactitude of their assertionsi I should 
have passed unnoticed the sciendfic errors discoverable in 
themt leaving to others the task of animadversion* These 
gentlemen had, unfortunately, no further knowledge of my 
researches than they gathered from my short letter to M. 
Hachette, and without taking the trouble to refer to my me- 
moirs, which in these circumstances I cannot but think they 
ought to have done, they at oucc nuaniti rpret the sense of an 
expression relating to M» Arago's beauiiiul observuiiuiis, ^ts- 
Miiiie that I had not previou^>ly dune that tor which they take 
credit to themselves; and finallyi they advance what tome 
appear to be fallacious ideas upon the magneto-electric cur* 
rents, and present theee ideas as eomctiom of mine^ though 
with mine they were as yet nnacquainted. 

Firsty allow me to rectify what I regard as the most im- 
portant mistake of all, the iaise interpretation given of my 
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words, for the correction of the errors committed in the ex- 
periments might hnve been left to time. 

Messrs. Nobili and Antinori write (Annales, vol. xlvlii. 
p. Mr. Faraday considers M. Arago's magnetism of 

rotatioo lo be entirely connected with the phflsnomenon which 
he diaoorered ten years ago. He a$ur$aitud thek, according 
to ike staienunt in the notke^ tfuU the rotation of a mctaUie 
disc under the infiumee ^ a magnet^ electric currents may be 
produced in the directum of the radii of the disc in sufficient^ 
considerable qmntities to render the disc a new electrical mO' 
chine. We are entirely ignorant how Mr. Faraday discovered 
this fact. nm\ we know not how a. result of this nature cmild 
remain so LONG generally unAnoicti, and, so to speak^ for- 
gotten in the hands of the discoverer," &c. 

Now / never said wliat is here imjnited to me. In my 
letter to M. Hacliette, quoted at the head of the notice, 1 
gave a short account of what I had recently discovered, and 
raad before the Royal Society on the <e4th of the preceding 
month* This nottoe may be found at page 40S of the same 
number of the AnnaUi^ and is as follows : The fourth part 
of the mtmoir treats oH M. Arago's equally curious and ex- 
traordinary expertmenty which, as is known, consists in ma- 
king a metallic disc revolve under the influence of a magnet. 
Mr. Faraday considers the phesnonenon which is manifested 
in this experifneiit as intimately connected with that of mag- 
netic rolalioii which lie was so fortunate as to observe ten 
years ago. He has ascertained that by the rotation of the 
metallic disc under the influence of a magnet, electric currents 
)itai/ be formed in the direction of the ratlii of the disc, in 
huiilcieul iiuiabti lu render the dii>c u new elecuicul ma- 
chine." 

I n0ver mther said, or intended to say, that I had obtained 
these electric currents by the rotation of a metallic disc, at an 
epoch previous to the date of the memoir that I was then en« 
gaged m writing ; but I said that the extraordinary effect db- 
covered by M. Arago was connected in its nature with 
the electro-magnetic rotation I had discovered several years 
before, both beinff due to a tangential action ; and that by 
till' rotation of a disc near a magnet I could (at the time I was 
writing) cause currents of elt cu icitv to escape, or have a tend- 
ency to escape in the direction oi the radii, thus rendering 
the disc a new electrical machine; and this I think is fully 
proved in the part of my memoir of which I gave a sketch: 
il may be been in the AntialeSt vol. i. p. 65 — 118. 

I am extremely dcbirous of explainmg this error, because I 
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have uUays admired M« Arago's pradenee and phOoaopbie 
reserve, in resisting the temptation to give a theocy of the 
effect which he had discovered until he coutd oiler one per- 
fectly applkable^ aad in refosing hie assent to the imperfect 
theories of oUim. AdmiriQg nun I adopted his reserve in 
this xesp^ and ibr that reasooi perhaps, had my qpea open 
to recognise the truth as soon as it was presented. 

We now arrive at that part of the subject which relaSea to 
the philosophy of my memoirs. The fourth part of mj ine- 
moir of Uie 24th of November, ISSlf contains my opinion 
on the cause of the phsenomenon discovered by M. A 
lin opinion that even now I see no reason to alter. Messrs. 
Nobili and Antiiiori, in their papers of tlie 31st of January 
and 24-lh of March, 18S2, animadvert upon certiin errors 
which they attril ute to me, and enter upon extended devc- 
lopnieuls of magneto-electric phsenomena. I cannot, how- 
ever, discern that they have added a suigle fact to those con- 
tained in niv memoirs, unless it be the obtaining of a spark 
with a conniion magnet, a result that I had myself picviously 
obtained, but only with the ckciro-magneL. Uii Llie other 
hand, these gentlemen's memoirs appear to roe to cootiun 
erroneous ideas apon the nature of nujzneto-ekctrie currents ; 
they cshihit also mistaken views as to me action and direction 
of those currents in Arago^a revolving disc. They say, 

We kttue reeenify veriJSedf astmitd^ and perhaps eomrwUd m 
Mom parHculwrt the resiHi cf the EnglM, phtloMcphery** &c. 
{jtmaieif vol. L p> SSL) And again at page 298, comment- 
ing on what tliey nmote to be my ideas (for though my 
papers had been read, and were published, they had not 
thought proper to consult them), they say, "We hate alp 
ready given our opinion upon this idea, but if at the com- 
mencement of our researches it were difficuh to reconcile it 
with the nature of the currents discovered by M. Faraday, whnt 
can we say after all tlie new observntions that we hnve nmde 
during t!ie progress of our investigations? We say iliat we 
have a competent judge in the galvanometer, and that by its 
means the question must be decided." 

With tlie nio.st sincere desire to be set right when I am in 
error, I yet find it impossible to discover any corrections in 
the meuioiis ol these ijentlemen by which I can profit; but 
I fully admit the coinpttcncy ol the galvanometer, and shall 
proceed as briefly as possible to submit our difTerent ideas to 
its decision, in all that relates to Arago's pbaenomenon: and 
I am at the present time so satined vnth the ftcts and resoHs 
stated In my published memoirs (though wem I to rewrite 
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them I should make altemtiona in some parts)) diat it will not 
l>e necessary to refer to any experiments that are not therein 
contained* 

It is not my intention further to animadvert upon Messrs. 
Nobili and Antinori*s first memoir. An English translation 
of it appeared in the Philosophical Magazine*, to which I 
added some corrections in the ibrni of notes, copies of which 
I had the iionoiu of sending to you, and to the authors. My 
present object is to compare the second part of their publica- 
tions with the fourtli part of my first memoir, and with parts 
of the other memoirs, as a means of throwing Hght upon the 
general principles. The intention of the two articles is to 
explain Arago's phaenomenon, and as fortunately th^ are 
both contained in the fiftieth volume nXihtAnndleSf they may 
be referred to with facility. The reference to my own papers 
will be thus, (F. those of Messrs. Nobili and 

Antinori by a simple indication of the page of the Annates. 

At page 28 ! , after a few general remarks, we read, *' We 
have recently verified, extended, and perhaps corrected in 
some particulars the results of the Enn;lish philosopher; w<? 
thcii said that magnetism of rotation found a real support in 
the new facts developed by Mr. Faraday, and that, conse- 
quently, the theory of such magnetism then appeared lo 
be so far advanced as fiiUy to merit an effiirt to develope 
the physical principles upon which it depends. li is to this 
abject that the present article is devoted^* &e. Upon this ex- 
tract I shall only remark, that exactly four months previously 
I had said the same thing, in the memoir that I read liefbre 
the Royal Society, and had given, what I hope will prove, a 
true and exact explanation of tlie philosophy of the effect 
under consideration (F. 4 — 80.). 

At page 282 we read, ** We have already noticed these 
currents in our first researches, that is, in the first paper in- 
serted in the Number for December" (p. 412.). But I had 
** already noticed these currents" four months earlier (F. 90.). 

At page 285 are described <*galvaiiometrical explorers or 
probes^'' which are nothing more than whatl had previously de* 
scribed under the name of collectors or eondueters (F, 86y &c.}. 

At the commencement of the investigation of the state of 
Arago's revolving dbc adjacent to a magnet, two relative po- 
sitions of the plate and the magnet are chosen ; one called 
(p.281<.) tlic " crnfral arrangnncfifj" in which the mnpfnctic 
pole is placed vertically to the centre of the disc; ami the 
other 285.^ the " r rrenfric atrangemetUf" in which the mag- 
wet acts youd tiiat pomt. 

I* FbiJ« Mag. and Amials, vol. 3U. p. 401.J 
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With regard to the cenhtd arrangement^ we read (p. CM.)) 
*^ In this case the inagM acting upon the oentra of the disOi 
the probes do not transmit any indication of a current to the 
galvanometer, let ihmn be placed wkere tkey may ; and if by 
chance small deviations should be remarked, they arise from 
imperfect centralisatioDy so that if this dtfect be corrected all 
indications, &c. of an equivocal source immediately disappear. 
Indeed whnt is tlie result if wo employ an electro-dynaimic 
spiral which turns cjiiile round on its own centre, alwayii op- 
posite to the same magnetic pole? AhxdtUcly nothing. Its 
revolution is an witinpnrtant circtimstcnice \ for the formation 
of" tlie cun eiits is whollj/ due to anolhcf condition^ they being 
mani/ested only at the moment when the spirals are brmtght 
near to the mi^gnets» or rmnaoed ftom them. So long as the 
spirals are present^ whether thev maoe or tialf there i$ no eur^ 
rent : so also there is none in the case of central rotation in 
which the points of the disc remain constantly at the same 
distance from the magnetic pole^ by renewing thus the com* 
bination oi* continued presence, to which Mr. Faraday's new 
itews in relation to currents do not assign any EFFrcT." 

This assertion is so orro!?eoiis in every pari, tliat I have 
been obliged to quote tiie passage at full lenirfh. In the first 
place, l/iti-f is a tendency to the formation of currents of elec- 
tricity in the revolving disc, in tlie case of " central arrange- 
ment*" as well as iu every other case (F. H9-^156.); but 
their direction Is firom the centre to the drcamferenoe^ or 
Woe vertdf and it is to these parts that the ooUectom shotrid 
be applied* It is precisely this which renders the retolf ing 
disc a new electrical machine (F. 154.)) and it is upon this 
point that Messrs Nobili and Antioori are so entirely mi»- 
taken in their two memoirs. This error is repeated through- 
out the whole of the memoir ihn{ I am now comparintr with 
my first paper, which, if 1 mi lake not| contains the theory of 
Arngo's pha^nouienon in all its parts. 

At page '284 we find, that when a helix turns upon its axis 
coiiccnli icaily with a magnetic pole, the result is abwliUcly 
nothings and that the condition of rotation is unimportant. 
N0W9 though 1 have not made any experimcnta on the sab* 
ject, I venture to assert that there will be an efibrt in the elec^ 
trie current to pass ui a transverse direction to the helixi and 
that the circumstance of its rotation^ instead of bein^ unim* 
portant, is in these cases the only condition essentially re* 
qui site for the production of cnrrents. The helix, in fact, 
may be considered as analogous to a cylinder which mi^ht 
occupy its place, but to whicfi it is very inferior, ns it consists 

of a long coil ol' wire. It m^y aii>o be regard^ as a simple 
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wire placed in any situation occupied by a cylinder, and I 
have diiown that they produce currents in their state of rota- 
$kn, if their oppotito MliciDitiw are connected with the gak 
nniomeler. 

It it mad el page t94if that the fbrmalion of eorveDte k 
leMdr dbr /0 tmotktr tondition, thej bebg mentleBteil only 
et the moment when the apbals are bnioght near to the meg* 

nets, or removed from IhMk So long ae the ipirals arc pre- 
sent, whether tficy move or not, there is no airraH, So also 
then is none in the case of central roMfio??,'' Sic. Now in my 
first puj^Lr J showed that the CKsential condition was not the 
approximation or removal of the metal in movementi but 
sin)ply that it shoulti iiUcisect the magnetic curves (F. 101» 
IIG. lid. &c.)j and that consequently, caterit j)aribus^ the 
movement without change of distance is the most eiiecuve 
and powerful meant of omainin|r the current* instead of being 
the condition in wliieb the leeiut is abioltttely nothing. In 
my eeoond paper Ijfmtd that a mofement throngh the mag^ 
nedo ottnee wae tlie only oondition n ec eme r y (^F. 211,)% and 
that ao far from the approiimation or removal of the metal 
lieing necessary^ currents may be produced in the magnet 
iis@lf» merely by moving it in the proper direction (F. 220.). 

Lastly, when treating of this " central arrangement," and 
the siqipn^cd absence of eflcct when the points of the disc 
remain consiantly at the same distance from the magnetic 
pole," Messrs. Nobili and Antinori say (p. 285.), "by thus 
renewing the combination of continued presence to wiiich 
Mr. i aiaduy's new laws in reluiiou lo currents do not assign 
any effect and in a note we read, " These laws are reduced 
to threfl^" which are ^Mcifledi at fint foUyi and then In a more 
condensed fbrnii as foUoirs t ^ FiBar LaWt During gradual 
approKimationi the current produced oontrary to tlm current 

froducing; r«^ulsion between the two systems. Secovo 
<Aw. The distance nnvafying. No effect. Thikd Law* 
Dunng recession. The current produced in the same direo* 
tion as the current producing. Attraction between the two 
systems." I have never myself given these as the simple laws 
winch govern the production of the currents that I was so 
fortunate as to discover; nor do I understand how Messrs. 
]S]ol)iIi and Antinori can say that tlioy are my laws, though at 
page 282 one ol" them is so called. But I described these 
three coses together \\\ my lirsl memoir (1\ 39. 53*), as 
well as in the noticei that is, m my letter to M. Hachette^ 
as eflects thel I had obserfcd. It has been established, by 
jprhat I hafc abeady said» that they are not the laws of tM 
eetion of ineyieiic dectriei^i Ibr the ample faet that cor- 
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rents of electricity may be obtained by means of the re- 
velation of a cylinder (F. 219.)) or of a disc hi connection 
with a maffnet ( F. 918. or of the mmiet itself (F. 820.)» dis* 
proves each of them. Onk Law, which includes all the e& 
lects, is given in my memoir (F. 114. 116. &c.), and it simply 
expresses the direction in which the moving conductor m- 
tersects the magnetic curves. This law of direction being 
given, I endeavoured to recapitulate the whole in the terms 
that I shall here repeat (F. 1 18.). 

All these results show that the power ot inducing electric 
currents is circunifereotially excited by a magnetic resultant 
or axis of po'-j^cvy just as circumferential magnetism is de- 
pendent upon and is exhibited by an electric cun'ent." 

I have i|uuted ihis passage ol" the Italian physicists ai lull 
lengthy because it contains nearly all our points of difference, 
both as to fact and opinion, concerning this part of the sub- 
ject. Having thus snown all the errors included in it, I shall 
endeavour tone more concise^ while I exhibit^ mlh the astUt^ 
anee of tie galvammteierf such others, derived from them, as 
are dispersed over the remainder of the memoir. It is in- 
deed curious to remark, how, with galvanometrical indicfr* 
tions generally correct, these gentlemen have suflered them- 
selves to be led astray under the influence of preconceived 
opinions. For example, at page '287 — i>'S8, and in fig. *i. 
phitc lii. is shown tlie result of an examination by the gal- 
vanometer of the currents in a revolvuig disc. Tliese cur- 
rents are indicated nearly correctly by means of arrows; but 
the two consequences d<:d need from ilieiii agree with the theory 
enunciated, and are diametrically opposed to the facts. 

The immediate inspection of the arrows which mark the 
currents in the two regions of the disc (fig. 2.) leads to one 
of these consequences (p. 287.)) ^nd it is mat a ^sfem qf cur^ 
rents is developed upon the parts that enter contrary to those 
produced on the other side*, The other consequence arises from 
comparing the currents produced upon the disc with the cur- 
rents of the producing cause, and it is that the directiofi of 
the currents upon the parts that enter ts contrarij to that of the 
prodttcing currents, xv/iile uu the oUier side the direction in the 
two si/stems is identical,^* 

But I showed in niy first memoir (F. 119.), that "when 
a piece of metal is passed either before a single pole, or be- 
tween the two opposite poles of a magnet, or near electro- 
magnetic poles, whether ferruginous or iiol, electric currents 
are produced across the metal transverse to the direction of 
motion. This fact is proved by means of wires (F. 109.), 
pUites (F. 101.) and discs (F. 92. Sec.) ; and in all these cases 
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the elMtric current was in the tame direciioHf whether the 
metal were brought near to^ or caueed to recede from the 
majgnely provided that the direction of tti movenwnta were 
tmutered. In An^'s levolviog diic the deetricit^ that I 
wiB able to obtain from one of these parts in a mnltttade of 
experiments dways agreed with these results (F. 92. 95. OG.)^ 
and consequently (F* 119. &c.) I recapitulated them in a 
short description, as presented in Arago's disc^ establishing 
more particularly (F. 123.), that the currents produced near 
or under the poles are discharged or return into the parts of 
• the metal situated on each Fide of and more distant from the 
place of the poie» where the magnetic induction is necessarily 
" weaker." 

[Tu be continued.] 



XLTII. On the Detection and Estimation of ColopJiony 
{common Rosin) when dissolved in the Fixed Oilsm JJj^ J. 
D£NHAM Sm4TU, Esq* 

To Biekard PkUUptf Eiq^ RBS^ L,4^E^^c. 

My dear Sir, 

Q OME samples of linseed oil were sent to me &r analysis 
^ in July lasty the bulks of which had been exported, but 
were found on their arrival to be unsaleable and perfectly 
useless, for when mixed with white-lead in the usual manner 
for making paint, the mixture became quite hard at the ex- 
piration of a few hours, it having set as piaster of Paris does 
when moistened with water. 

At first sight it was obvious that all tl»ese oils had been 
consiilerably adulterated; for not only was their colour much 
deeper tlian that of ordinary linseed oil, but they were all 
extremely viscid, resembliu'r castor oil, in this respect, much 
more than the comparatively thin and fluid commercial lin- 
seed oil. Suspecting both from smell and taste, particularly 
the latter, that the adulterant was common colophony (black 
rosin], I endeavoured to ascertain whether my conjecture 
was weU-founded» and if so^ to determine the proportion of 
eohmhony contained in the several samples ; especially as the 
adulterated oils were likely to become the subject of legal 
proccedii^gfc 

I am not aware that there is any mode on record for se- 
parating, or even detecting common rosin when dissolved in 
the fixed oils, so tliat I was obliged to make numerous ex- 
periments, before a method was discovered which appeared 

Phil. Mag. & VoL 17. No. 110. Oct. 1840. U 
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to offer satisfactory results. It would be useless to describa 
theie tiiitu«MtfoI trials; I therdbie «t ooee prooeed to 
plain the node I ultiaMtely adoptod tor dtlfleting and celH 
mating tfaa proponicii of colopbooj contained in the varlooi 
specimens m oil< 

I found that when colophony was dissolved in pyroxylic 

Siirltf the solotion giwc a bulky white pftdpltatni on the ad- 
ition of acetate of Tead also dissolved in pyroaylic Spirit ; but 
that when unadulterated Commercial liOseed oil was digested 
irilh this solvent, the dear solution when cold was melrely 
rendered turbid on the addition of llie spirituous solution of • 
acetate of lead. Discovering that pyroxylic spirit exerted a 
very marked solvent action on the precipitate above-mentioned, 
and that the supernatant, or filtered solution, gradually de- 
posited more ot this ])recipitate, nlier standing for some time 
or when gently evapoiaied, I had recourse to the common 
rectified spirit of wine, about sp. gr. '832, which although it 
is cap ible of (IlssoK Ing this compound resin and oxiiieof 
lead, yet does so ni aliiio:»L an inappi cciabie quantity, espe- 
cially if the spirit be cold. 

Having dissdved SO srs. of coflUmon roshi tn a small par- 
tion of Imseed oil, by ue assistance hea^ aboot S naid 
ounpes of rectified spirit of wine were poured npon the oil. 
and thoroughly mixed with it by agitation) this Was boiled 
for two or three minutes, and then allowed to Cool and the 
oil to subside; the next day the dear spirituous solution was 
poured off, about the same quantity of fresh spii it added to 
the residual oil, and the mixture agitated and boiled as he* 
fore ; when bright this solution was decanted and mixed with 
the former, the remaining oil agaih treated with about an 
ounce of spirit, and this solution added to the others ; a 
fourth time spiiit was added, but this solution gave no preci- 
pitate with acetate of lead; this agent merely rendering it 
turbid, as in the case of pure linseed oil when dissolved in 
spirit; from this I conchidefl that the whuie of the resin, 
which the rectified spirit was capable of separaiiiiLT. was e\- 
tracte<l from the oil. The three solutions when mixeti were 
of a light yellow colour, and perfectly clear, wlien on the ad- 
(hiion of a freshly pixpaied soUition of acetate of leatl in 
rectified spirit the characteristic bulky white precipitate fell. 
At the expiration of four-and-twedty hours thu was collected 
on a filter weighing 11*7 grs., and washed with cold rectified 
spirit until the wauiing^ Idi the merest perceptible stain when 
evaporated in a porcelain dish ; I then dried the precipitate on 
fblcb of bibulous paper^ and finally with a gentle heat» tintil 
It snfiered no decreese of weigfati w^en the weight of the pre« 
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cbhate and filter was ibdnd to be 29-4 m» —11*7 grs., weight 
or filctr, m 17*7 grt. of the compoana of mln and mHde of 
liod obtalnad from 80 gn* of ooninon oolophony, whkh 
would Indiotta tbit 59 gn. of this gobiikniimI are «c{iud Co 
100 grs. of rosin. 

This experiment was repeated with 40 grs. of roiln dia* 
aolved in a little oil, and tnis mixture treated in the manner 
nlwve described. In this instance 26*7 grs. of the precipitate 
were obtained, which is equal to 66"7 j^er cent, of the rc in 
employed. It appears, from these experiments, that nltliouirii 
this nietlmtl is incapable of alVortiing .strictly accurate results, 
I presume fnuu the slii^liL .solve lU action of the spirit upon the 
precipiUile, yet that an approxiiiiaUoii lo the tpiuntity of colo- 
phony contained in oils adulterated with this substance, may 
be obtaioedy wbiob pat^ps by aoiaa aabfieqaeDC nodlfleailbiis 
of and fMOecatttloiii iti the piooesti imtv Ited to a mode ca- 
pable of yielding not merdy a tderabic approkimation) bnt 
rigidly accurate results. 

When unadulterated commercial linseed oil is treated with 
rectified spirit in the manner described, the alcoholb soiutioa 
affords no precipitate on the additi<m of a spirituous solution 
of acetate of lead, but it merely becomes turbid, exhibiting 
appearnnces very different irom the bulky precipitate which 
is produced if colophony be present. The samples of adul- 
terated oil when submitted to the process i have describeil, 
respectively ulluided 27*7, 21 and 26*3 per cent, of this 
compound oi resin and oxide of lead, which wouki indicale, 
according tojdie average of the two experiments with resin 
and oil already mentioned^ 44*l» 39*4 and 41*7 per cent of 
common roein retpectitdy contained In these specimens of 
oih 

When this white preci))itate is suspended in rectified spiriti 
and a current of hydrosulphuric acid gas passed through it^' 
decomposition takes place, sulphuret of lead is formedf and a 
light yellow-coloured solution, which reddens litmus, is ob« 
tained ; this, on evaporation, leaves a brown and brittle resi- 
duum exactly rescmlTliiirr common rosin. For this mode of 
separating the acid rc>m Irom the oxide of lead, 1 am in- 
debtetl to my friend Dr. Brett. From the circumstance of 
this nlroholic solution aflonlini^ no precipitate with nitrate of 
silver until the addition of a little ainmonia, I cuncluile the 
resin acid which is combined with the oxide of lead in the 
precipitate obtained in the foregoing experiments, to be the 
ijtvic acid. When ignited in a ooTcred cradble» so as to 
avoid the access of atmospheric air, and oonseqnent oaddation 
of Ihe teady Iflod that the predpUiite^ whether obtained ftooi 
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the two first experiments, or whether reduced from the pre* 
cipitates afforded by the adolteiited oils tnboiitted to ez- 
emioation, piodoeet pcedeelT the nine quantity of metallic 
kady vis. S7 per cent. Botb these precipitalee ebo^ when 
wqwiHid to a modmte heat^ Ibse^ afioiding a bmm trnny 
Knt snbstaiice wy much resembling common coiopho ny » 
but which seems to be harder and mofe brittle than rosin is. 
Pore linseed oil, when mixed with the same quanti^ of rosin 
as analysis indicated in one of the samples of adultented oil 
marked " Raw oil," that containing 44*1 per cent., was ex- 
actly of the same density as the sample in question, both being 
•982, whilst pure linseed oil was considerably lighter, its den- 
sity being '9518 ; thus corroborating not merely the fact of 
adulteration, but also the close approximation to correct re- 
sults affiurded by the mode of analysis adopted. 

I remain, my dear Sir, yours very truly, 
Duke-Street, Liverpool, J. DeNUAM Smitu. 

Sqpt.3»184A. 



XLiV* Proceedings of Learned SodiHeu 

ROYAL SOCIETY. 

[Continued from p. 149.] 

April 30, nnH£ following communicationB were read : — 
1840.— A 

1. A liStter from Sir John Banrow, Bart., V.Pn addreaaed to the 
RnesidBet, a eeo mp anyingaaeriBaof Magaelie O lnmati oi Mi — deoe 

shore, and on board Her Majesty's ships ' Erebus' and * Terror/ 
ender the direction of Ci^teiB James CUik Ross, BM,^ togetker 

with a Series of Observations made on the temperature and specific 
gravity of the ocean at various depths, and at the surface, namely, 

*' Observations of the magT>ctic inteosity on shore, and on board 
H.M.S. Erebus, with needle F. 1. 

" Magnetic dip obsemtioiis on shore, and on lioaidH.M.8. ]be* 
Vni, wA needle F. 1. 

** ObseiiFStionB fof fte magaetiB j^<m shorB, and on board H.M.8* 
Terror. 

" Obsen'ations of the magnetie dip by needle F. C. 6. en shon* 

and on board H.M.S. Terror. 

" Observations iu magnetic iutensi^ by needle F. C. 5. on shore, 
and on board H.iM.S. Terror." 

The whole of ttoe obsemlions are 19 to 81sl Destmber, 
1889. Tliey aie transautted to tlie RoTal Society from Loids 
Commissioners of the Admiralty. 

2. Postscript to Major Sabine's paperrentitled " Contrihutiona to 
Terrestrial Magnetism," which was read at the meetinu: of March 
19th; (sec p. 144), containing an extract from a letter from Capt. 
James Clark Ross, commanding the Antarctic expedition, dated from 
St. Helena, February Uth, 1840; noticing the success which had 
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attended the employment of Mr. Fox'? instrument^ in observatioDfi of 
the aiagnetic dip and intensity on shipboard. 

3. "A few lemarlrs on a Rain T&ble and Map/' drawn up by 
Joseph Atkunott, Esq. Communicated liyP. M. Roget, MJ>., 
Sec* RtS* 

llie table and map which accompany this paper exhibit the ave- 
rage annual deptli ol xain failing in different places in Oreafc 

Britain. 

4. " Extracts from a Meteorological Journal kept at Aiicuiieads, 
in the coonty of Northamberiand/' by the Rev« W. Walton, P.R.8. 

The genoal lesolt of these observations, which were recorded 
twice each day, namely, at 9 a.m.« and at 3 p.m., during the whole 

of the year 1839, is, that the mean temperature taken at those times 
was 44° 8' ; the mean height of the barometer, corrected and re- 
duced to the temperature of 32**, was 28*401 inches, and the quan- 
tity of rain in tlie year was 55' 71 inches, llie author subjoins se* 
Tend lemailcs on tiie oondnatoni dedneible firom an ezaminatiott of 
the tebles. 

5. " D^M^ption of an Astronomical Clock invented by the late 
Captain Henry Kater, F/R.S.," drnwn up from hh own memoran- 
dums by his son £dward Kater» Ks^. Communicated by Sir John 
F. W. Herschel, Bart., V.P.H.S. 

The great object aimed at by Cajptain Kater in die constmction of 
tlie escapement of a ehronometer, is to oommunicate equal impalses 
to tbe pendulum thraogb some principle perfect in iCsetf, and not 
dependent for its success on superior execution. In the escapement 
invented by him, the pendulum merely raises a wei^rht, and is im- 
pelled by that weieht through an increased space in its descent. It 
neither unlocks a detent, nor has anything to du wiiii tlie truiu ; 
and as tiie weight raised, and the spsees described, m constaiit 
qosntities, this eso^iement is, in the strict meaning <rf the term, one 
of equal impolse. 

May 7. — A paper was read , entitled " Tlescarclief in Embryology, 
Third Scries : a Contribution to the Physiology of Cells." By 
Martin liarry, M.D., F.R.S., F.R.S.E., Fellow of the Royal Col- 
lege of Physicians in Edinburgh. Of this paper an abstract was 
given in oor number for June, toI* xvi«, p. 526* , 

A paper was also read, entitled *' On the Odour accompanying 
Stoetridty, and on the probability of its dependence on the presence 
of a new .«nb«tance ;" by C. F. Schoenbein, Professor of Chemistry, 
B41e, communicated in a letter to Michael Faraday, Es^,, D.C.ll« 
F.R.S., &c. 

The anther's attention having been long directed to tbe remark- 
able feet, that odour, resemUmg that of phosphorus, is given crff 

during the escape of pontive eleetrimty from the point of a con- 
ductor into air ; and is likewise perceptible when lightning has 
struck any object, and also when i^ ntcr is electrolyzed, he lias in- 
vestiprated the circumstances attcnduig these ])hetvMu( : and the 
results he has obtained will, iie expects, alioid a clue lo the iii:i€0Tery 
r# thsir 
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The odour which aRoompaniei the deotrdyjEatioii of wvter, he 

obsen'es, is only disen^ged at the poiifive electrode. He also finds 
that the odoriferous pnncipio can be preserved in well-closed 
bottles fur any length of time. The only metals which yield tlii» 
odour are gold and platina ; but dilute sulphuric, phosphoric, and 
nitric acidic and from aqueous solutions of several of the salts, also 
disengage it. Ralnng the temperature of the fluid to the b<nling 
point prevents the odour fipom arising ; and the addition of com- 
paratively small quantities of powdered charcoal, Iron, zinc, tin, lead, 
aiitimony, bismuth or arsenic, or of a few dropa of mercury, to the 
odorous principle contained in a bottle, immediately destroys the 
smell i and the same happens when platina or gold, heated red-hot, 
is introduced into the vend ooataining that vSatile atthBtaiice. 

May 14^A paper was leid, entitled, " Tables of the Vafiatioii» 
through a cycle of nine years, of the mean height of the BarometeTt 
mean Temperature, and depth of Rain, as connected with the pre- 
vailing Winds, uiiiuenced in their direction by the occurrence of the 
Lunar Apsides, with some concluding observations on the result." 
By Lvke Howard, Esq., F,R,S.> &c. 

From the Tablee here given, the author drawa the following con* 
elusions : — 

1 . The barometer is higher under the lunar apogee, than under 
the perigee ; the menu lu itrht in the former case being 2H*S4517« 
and ill the latter, 2l> 7ju4;2. 

3. The mean temperature ia lower under the apoeee than nnder 
the perigee; that of the former being 48^*7126, and of the latter, 
49°*0366, The mean of the whole year was 48^*7126. 

3. The rain of the weeks following the apsis exceeds that under 
the perigee ; but with two striking exceptions in the annual result 
of nine years, the one in the wettest, and the other in the driest 
year of the cycle. 

With regard to the winds, the author remarks that thoie from 
the north, north-east, and east, prevailed under the apogee on 38 
days, under the jicrigec on '21 days; and those from thr south, 
south-wetst, and wc^t, jirevailed under the apogee on 20 days, 
under the perigee on 38 days. 

It appears, therefore, that in the climate of Loudon, the moou 
in her perigee brings over us the southern atmosphere, which 
tends to lower the density and raise the temperature of the air. 
occasioning also a larger precipitation of rain. In the apogee, on 
the contrary, there is a freer influx of air from the northward, a 
higher Ijarometcr, a lower temperature, and less rain ; subject, 
however, to a iaigc addition of rain under tliis apsis twice in a 
eyde of nine years, at the times when also the extremes of wet and 
dry take fdnce on the whole amount of the year. 

A paper was also read entitled, " Experinicntid Researches into 
the strength of Pillars of Cast Iron, and otlier materials." By 
Eaton Hodgkinson. Esq, Communicated by Fctcr Barlow, Esq., 
F.11.S., &c. 

The author finds that in all long pillais of the same dimensions. 
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Aft iMiitttM to erusliiiig by Bsxm It about tttfse timoi grattar 
when tbft audi of the pillars are flat, than when they are rounded* 

A long uniform cast-iron jjillar, with its enda firmly fixed, whether 
by means of disks or othcrwi-c, hn» thr «;imc; power to resist brcuk- 
ing as a pillar of the game diameter, and iudf the length, with the 
ei^ rounded, or turned so th^t the £orce would pass through the aids. 
Tho itrength of a pilkf vitii one end round and tht other flat, ia 
the arithmotioal mean bttwofill that of a pillar of tho tame dimen* 
sions with both ends roond* and one with both ends flat. Some 
additi r riril strength ia gtTei| to ft piUaf by enlmyug ita diameter ia 
the nnduic part. 

The author next investigated the atren|^th of long cast-iron 
pUlaiB with relation to their diameter and imgth. He concludes 
that the index of the power of the diameter* to which the atrength 

ia peoportiona), is 3*736. He then prooeedi to determine, hy a 

comparison of experimental results, the inverse power of the length 
to wiiieli the -trenjrth of tlic j)illar is proportional, Tlie highest 
value of this power is r914, the lowest, 1337, the mean of ail the 
comparijM>nd, 1*711/. He thu^i di^ucci*. hrst, approximate empirxeui 
fonnulv fat the biealdiig weight of aolid j^ilhuw^ and then piooeeda 
to deduce note correct methods of detenauinf their atrength* 

Experiments on hollow pillars of cast iron are thiai £acril)ed, 
and formula roprcRcDting the atrength of euoh |»iUan are deduced 
from these cxpcrmiunts. 

After giving some results of experiments still in progress for 
^tiennining the power of caat-iitNi pillars to resist loug-continued 
pte ee n re, we auaunr praeaeda to determine from hia ezDerimente 
the strength of pillars of wrought iron and timber, as dependent 
on their dimensions. Tlie conclusii)n for wrought iron is, that the 
strength varies inversely the square of the pillar's length, and 
dircctlv H« tlie power 3 /o u( its diameter, the latter being nearly 
ideutieui with the result obtained iur cast iron ; iur timber, the 
etrength wme nearly aa the 4th power of the aide of the square 
Arming tlie section of the pillar. Bxperiments for determinuig tiie 
relation of the stiingth to the length in pillaia of timber, were not 
instituted, as, from the great flexure of the material, it was consi- 
dered that TK) very ^'utishtctory condusioas on thi« point could be 
dtrivcd eaLperiiJitntally, 

In conclusion, the author gives the relative strengths of long 
pilkia of oaet imit wrought iron* tteel. and timber. 

May 31,-^The followiag papers were read, viz. : 
1. " Remarks on the Meteorological Observations made at Alten, 
Finmarken, by Mr. S. II. 'Hiomas in the years 1837, 1838, and 
1839." By Major Sahine, 11. A.. V.P.U.S., and Lieut. Col. Sykes, 
F.H.b. i being u lleport from tiie tummittee of Physics, including 
Meteorolo^, to the Council, and communicated by the Council to 
the Royal Society. 

lliese observations, made at Alten in lat. 69" 58' 3" N., and 
23° 43' 10" eiist of Parit, would seem to have a claim to the atten- 

tion of the lioyal ^ooie^i aa they offer the ejgferimciUtm cneit of 
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Professor Forbcs's empirical formula respecting the gradual diminu- 
tion of the dailv oscillations of the barometer, within certain limit 
hours, from the ct^uator to the poles. Professor Forbes has laid, 
down an amamed curve, in which the diurnal oectUatioii amountB 
to * 1190 at the equator and 0 in lat. 64^ 8' N.. and be^oitd thai lati- 
tude the tide should occur tct/A a contrary sign, plus becomiDg minus. 
Now Alten being nonrly in ht. 70", if Professor Forbes's law hold 
good, the maxima of i lie dmrnal oscillations should occur at the 
hour for the minima at the equator, and a similar inversion should 
take place vitii veqject to tbe mfaima. Mr. Thmiuui has hkoadf 
however modified the value his observattons would otherwise have 
had, by adopting 2 p.m., instead of 3 p.m., for the hour of his ob- 
«or\'ntions for the fall ; and he lias adapted his barometrical ob- 
servations to a mean temperature of 50'^ Fahr., instead of 32°. 
The first year's observations commence on the 1st October, 1837, 
and terminate on the 30th September, 1838. The barometer stood 
66 feet 5 inches above low-water mark, and the thermometer hung 
at 6 feet above the ground ; but care was not always taken to pre- 
vent the Eun shining on it. The mean height of the liaromcter 
for the year was 29 '771, and the menn of the thermometer al- 
most coincident with the freezing point, viz., 32^ 017. The 
maximum height of the barometer was 30° 89 in January, and the 
minimum 28*'*71 in October. The mean of the barometer at 9 
A.M. was 29°'764, therm. 33°-455 ; at 2 p.m. 29°-765, therm. 
33°-327 ; and at 9 p.m. 29°-784, therm. 29°-270. The diurnal 
observations would seem to support Professor Forbcs's theory ; but 
the 9 P.M. observations are entirely opposed to it, as they appear 
with the same maximum sign as at the equator, whereas the sign 
ought to have been the reverse ; indeed* with respect to the diuinal 
observatioos, the mean of five months of tlie year at 9 a.v. gives a 
plus sign, although the mean of the year at Sr.M. only ^ivcs the 
triflinrr quantity of '001 plus. There is one remnrkablc feature in 
these observ'ations that cannot fail to strike the meteorologist. M. 
Arago, from nine years' observations at Paris, reduced to the level 
of the sea, makes the annual mean height 29°*9546 ; twenty-one 
years' observations at Madras make it 29^*958 ; and three years* 
obaerva^ms at Calcutta, by Mr. Jnme^ Prinsep, make it 29°*764 ; 
and Mr. Thomas brings out 29^-771. 'lliat there should be this 
coincidence between the observations at Calcutta and Alten is 
curious. Neither Mr. Thomas nor Mr. Prinsep state whether or 
not their means are reduced to the level of the sea. It is to be 
suspected they are not. 

For the next year, that is to say, from Oct. 1888 to Sept. 1839, 
both inclusive, Mr. ITiomas uses a French barometer and French 
measurements, with centigrade thermometer attached to the baro- 
meter, and Fahrenheit's for the detached thermometer. He changes 
his time of observation from 9 a.m. to 8 a.m., 2 p.m., and 8 p.m., 
and he reduces his barometrical observations to 0 centigrade. 
The results of the year are as follow : — mean annual pressure 
29^*627 English ; thermometer Fahr. 38^*36 ; greatest pressure 
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in April, least in Jannaxy ! t The mean of 8 a.m. is 99^*620 ; 

tlierm. 33°-75. The mean of 2f.ii. is 29'' G31 ; therm. 34**'78 ; 
and at 8 p.m. 29'' G31 ; therm. 30°-57. The diurnal obaerv*- 
tions assist to support Professor Forbes's theory ; but as in the pre- 
ceding year, the p.m. observation is at fault; and if the hour had 
been 9 o'clock instead of S o cluck, it would probably have been 
more so than it appears. The low annual mean state of the baro- 
meter lor the year 1837-38 is even increased in the last yearns ob» 
servalioaa; and as fresh instruments* appear to have been used, 
there is ground to believe that the fact is associated with the lo- 
cality, and it may be desirable not only to record in the Proceed- 
ings of the Royal Society the data already supplied, but to re- 
commend to Mr. Thomas more particular inquiry on the subject. 

Hie phmmnena of the Aurora BoiealiB appear to have been ob- 
served by Mr. Thomas with great assiduity, and recorded with great 
care. On examining the register, with reference to IM. Erman's • 
important remmlv, that " in Siberia two kinds of aurora are distin- 
guished, one having its centre in the west, and the other in tlie east, 
the latter being the more brilliant^" it is found that twenty-two 
nights occur in the course of the two winters in which the Ibnnatioa 
of ardies of the aurora is noticed and their direction recorded ; of 
these, ten arc to the west, having their centres rather to the south- 
ward of west, the arches extending from N.W, to S.S.E. and 
S.E. ; seven are to the cast, or more precisely to the southward of 
east, the arches cxlcudmg from N.E. to S.E. and S.W. Of the 
ive others, four are said to be from east to west across the zenith, , 
and cannot therefore be classed with either of the preceding, and 
one is noticed generally as being to the north. The facts here 
recorded appear to afford an evidence of the snme nature as those 
mentioned by M. Ermau, as far as regards there being two centres 
ui the phsenomena. Jn respect to the relative brilliancy of the east- 
em and western aurora, nothing very decided can be inferred from 
the register. If, as M. Eiman supposes, they may be referred 
respectively to " les deux foyers magn^dques de rhemispbere bo- 
real," it is proper to notice that the position of Alten is neudy mid- 
way between those localities. 

There can be no doubt that the frequent appearance of the 
aurom, and the peculiarities <rf the phtenomenn observed tiiere, ren- 
der it a most desiiable quarter for a magnetical and meteorDlogieal 
observatory. 

W. H. SvKES. 

2. " Second Letter on the Electrolysis of Secondary Compounds, 
addressed to Michael Faraday, Esq., D.C.L., F.R.S., &c.*' By J. 
Frederic Banlell,- Esq., For. Sec. R.S«, Plrofessor of Chemistry in 
King's College, London. 

The author, in this letter, prosecutes the inquiry ho had com- 
menced in the former one, ([of which an abstraci appeared in the 

* It appears tliat thv baronictrr ^vn<^ compared before IcSTing Krsnce, and ittb- 
sequently to iU bcuig taken back to that couutrj. 
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h, FhXi, Mag*, vol. p. 317.— Edit.] Into tbe mode in 
whieh tiio ohOBkioal dtemonto group themselves together to consti- 
tate fVuKoAw* or fvoxiinate principles. He considers his experi- 
ments n< ostablishing the prinrlplc that, considered as electrolytes, 
the ijii i L^aiiie oxv-Hcid ^;iiLs must be regarded as compounds of me- 
tals, ur ut thai cxU'uurduuiry cumpound of nitrogtu and iuur u<^ui< 
valeDti of bfdrpgwi to whioli Beneliiu bats given tbe moM of 
mimomtm, aw compound anions, chlorine, iodma, &c.» of liie Ha- 
laida salts ; and as showing that thb evidence goes far to establish 
exf>enmentally the hypothesis originally brought forward l>y Davy, 
of the genernl analogy hi the couhtitution of all salts, wlicLia r de- 
rived from uxy -acids or hydro-acid». 8uine remarks arc u^iulc ou the 
subject of Domanolatiiret ami tlia real of the paper ii oooupied wiUi 
tba dotoUa of the aiperimenta, all bearing on tbe important aabjeet 
wbiob be has nndertaben to invaatigate. 

May 28. — The fftllowing papers were read, viz, ; 

1. *' Meteorological UeJ;i^?ter kej)t at Port Artliur, Van Diemcn's 
I^iftnd, during the year 1836, aud ivegister of Tides at Port Artiiur, 
from August 1838 to July 1839, bodi indiiaive/' Bj Deputy- 
Aatiatant-Commimary-Oeaeral Lemfinere. Oommnnioatad by &ir 
John Franklin, R.N., F.R.S., &c. 

3. *' Notice relative to \\w furm of the Blood-partaelea of tbe 
Qrnxthorhynchvs hystnx." By John Davy, \f.D . F.R.S. 

A portion of the blood of the Onu(horht/fichus hy^trix, mixed 
wh( u frcah with a strong solution of common salt, being examined 
by the avlihor» exbilnted a few globqlea of irregubur abape. Aaotber 
portion, preserved in syrup, oontained QuaierouB globules, most of 
which hf^ an irregular form, but many were circuhir ; none, how- 
ever, were elliptical, like those of birds. Hence tlie author coft* 
eludes, tliat in form they accord luoro with those of Mammalia. 

3* " Heicarches on Klectro-chemical et^uivaleut^, and ou a 6up- 

poied disercpanoy between some of tbem and tbe atomio weight of 
the sane bodies, as deduced from tbe tbeory of isomorphism." By 
Lieut.* Colonel P. Vorke, Communiosted by Miobael Faraday, Esq., 

D.C.L., F It S., &c, 

The author describes various experiments made witli a view to 
determine the eleotro-chemical equivalents of sodium and potassium. 
Three experiments g^ve, respectively, 2'^'3, 22*9, and 2a, aa tbe 
equivalent of tbe former i and two other experiments gave, reapeot* 
ively, 45 and 41*7, as tbe equivalent of the latter of these sub- 
stances. He then inquires what would be the result of the electro- 
lyzation of the aqucou? solutions of soda and potash, on the hypo- 
theeis of these bodies being composed of two equivalents, or atoms, 
of metal, and one of oxygen. To determine thi? question he em- 
ploys a solutiop of dicbloride of copjier in muriatio acid, as beuig a 
substance composed of two atoms of metal and one of an eleetro* 
negative element. Its electrolysis gave as the equivalent of copper, 
52 >^, r)I)-4, and fJl'R, numbers approximating closely to 6;J "i, or 
douMe the atomic weig-hr of copper. After a loTii^r train of investi- 
gation, he conclude:: ihuL liicrc i& nu iciu^uu uuducibic Icoin ihc 
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theoiy of iioiiioipluim for doubting the o o i f pc ti mi of the veodTed 
atomic weighti of iUver» sodium. &c., but that the difficulty, or 
anomaly, if it may be so called, should be considered as attacbj|l|[ 
itself to the di-rompounds of copper; and that Faiaday'a pn^u* 
tiona on this subject remain unimpeached. 

4. " Second series of Approximatu Deductions made irum aliout 
50,000 obwnratioiis taken during^ the yean 1836, 1887, and 1888, 
at the Ftofi Loue PbMmtory, Manritios, four times each day; 
Bamely. at 8 a.m«» at noon, and at 4 mi 8 3y J. A. Uoyd, 
^q., F.R.S. 

6. ** On the Solubility of Silica by Steam ; with an account of 
an experiment on the subject^ conducted in the i^uat ladies by 
Jttlioa Jeffireys. late of the Hon. Bast IniSa Company 'a Medical 
EatabUahment/* 

The inner surfaces of a flue btult of siliceous bricks appeared to be 

deeply erodet! by the passage over it of steam at a very high tem- 
perature, and trugmeut» of siliceous materials laid in the course uf 
tlie current were partially consumed. A siliceous crust was de- 
poaited on several vessels of stone ware, a micaceous 

glaae, phml in the upper part of the fumaoa, apd tbia ernst vm 
re-diaidlved when the vessels were removed tQ a hotter situation in 
the «Rrae furnace. Tlie author notices the experiments of Dr. 
Turn 1* and othefg. which failed in showing the solubility of silica 
by i<team. in consequence, as he cuuccivcs, of the heat having not 
been sufficiently great to eiiect the solution. 

June 4. — paper uraa read* eattded, " CkmtributionB to the Ghe- 
mical History of ArefaU and of litmus." By Kuliert Kuno. MJ)., 
M.R.I. A. Communicated by Francis Baily, Esq., V'.P.K.S. 

After ti })reliminary sketch of the labours of Hccrcn and of Hobi« 
quet in investigating the origin of the beautiful colouring materials 
termed ^rcAi/ and Litmus, obtained from different kinds of colourless 
lichens* and thehr deteotion of the two proxiniate principles termed 
erythrine and oretMe, the autfior states the object of the ittquiries de* 
tailed in the present paper to be threefold ; viz. first, to ascertain the 
primitive form of the colour-making substance in a given gpccies of 
lichen, and trace the stages throuirh which it passes brfore the co- 
loured substance is developed ; sccuiidly, to determine the uuLm c ui 
the various eolouring substances whieh eiist in the archil of com- 
meroe ( and thifdly, to examine the colouring materials of ordinary 
litmus. He finds in tiie lichen Roccella tinctoria the following 
bodies, cither pre-existing in the plant, or formed during the pro- 
cesses employed for its andysis : 1. Erythryline; 2. Erythrine (the 
Pseudo-erythrine of lleeren) ; 3. Erythrine bitter; 4. Telerythrine j 
and 6. RocceUine (the RocceUic acid of Heeren). The nroperties 
and constitution of these snbstanees are then described, ana the ehe- 
mieal formuUe given, which are dedaeibie from their respecti?e ana- 
lyses. The author finds the lu-chil of commerce to con<i«5t; essen- 
tially of three ingredients, namely, oroeine, erytbroleic iu;id, and 
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azoerythrine ; of each of the two former there eziat two modifications, 
find dere is, in addition, a yellow matter. After comparing hia re* 

suits with those obtained by Heercn, by an examination of the ptp- 
ducts evolved by bis crytbrine in contiict witb air and with ammonia, 
and stating reasons for some changes in nomenclature, the author 
gives the chemical formulfa resulting from his own analysis of these 
different substances. 

His inquiries into the constitation of ordinary litmus, which form 
the last ^rision of his subject, lead him to tlie conclusion that that 
substance contains the jirinciples designated by him as Erythrolein, 
Erythrolitmine, Azolitmine, and Spaniolitmine ; and that the colour- 
ing constituents of litmus are, in their natural condition, red; the 
blue substances being produced by eumbination with a base, which 
bases in that of commerce are lime« potass* and ammonia ; and there 
is mixed up in the mass a considerable quantity of chalk and sand. 
The detiuls of the analyses of these several substances, and the le* 
suiting chemical formiUsB representing their constitatioii, are tiien 
given. 

The concluding section of the paper is occupied b^' an inquiry into 
the decoloration of the bodies which exist in archil and in litmus. 
Hie latter of theses the author concludes, is reddened by adds, in 
consequence of their removing the loosely combined ammonia by 
which the blue colour is produced ; and the so-called hydrogen ncidb 
liberate the colouring matter by their combining with tlic alkali to 
form bodies (either chlorides or iodides), with which the colouring 
matter has no tendency to unite. Hence it appears that the redden- 
ing of litmus is no proof that chloride of hydrogen is an acid, and 
that the double decomposition which occurs is the same in principle* 
M'hethcr hydrogen or a fixed metal come into jilriv. After detailing 
the Idancliing effects of otlier deoxydizing agents on tlie colmirin:^ 
matter of litmu?, and the action of chlorine on orceine and azolitiuiiK-, 
the author remarks, tliat in these actions chlorine is subjected to 
conditions different from those whidi deteimine the nature of the 
results with the generality of organic bodies, and that the displace- 
ment of hydrogen, so marked in other cases, does not exist in the 
class of substances under consideration ; but that, in reality, the 
products of the bleaching energy of cldorinc resemble in constitution 
the compounds of chlorine which possess bleaching powers. 

A paper was also read, entitled, " On the Corjiusdes of the Blood." 
By Martin Barry, M.D., F.R.S. 

The author in the course of liis researches in Embryology, detailed 
in his *' tliird scrip? " observed that some of the corpii'^cle? of the 
blood undergo jirogrcssivc alterations in their structure, i lie cor- 
puscles so altered he believes to be of the same kind as those de- 
scribed by Professor Owen ; and Iwtmng found that tha alteradons 
in question terminate in a separation of the corpusdes into globules, 
he thinks this fact confirms the idea of IVofnsor Owen — that the 
blood-disc tindergoes sj^vTifancous subdivision, 'flie author farther 
observed, th u the corpuscles of the blood, in certain,altered states, 
undergo rapid and incessant changes of form, which cannot be traced 
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to theactioaof nd^^iboiiriiigcOnu A corpuseie wiU aometimM 
flume the figure of an hour-glass, as if it were preparing to divide 
itself into two parts, but it instantaneously either regains its previ- 
ous form, or assumes a new one. These motions are incessant, and 
so rapid, that it in not easy to catch and delineate any of the result- 
ing forms i tUey are compared to the writhings of an animal in pain. 
The attdior hM aeea tfaenn in anbbit, aslate es two honn and ahalf 
after dmHSti, and tbinkB it piobaiUe that they may continue for a 
longer time, although, when under the microscope, they gradually 
and in a short time cease; the rapid chano-e« of form, which arc at 
first apparent, passing into gentle unduls^ons^ and being succeeded 
by an alternation of rest and motion*. 

Should these facts be thought to confirm the opinion of John 
Hunter, timt the blood "has life within itadf/' or " aoquires it in 
the act of forming organic bodies," because its corpuidee in certain 
states exhibit " vital actions," still his assertion that *' the red glo« 
bules" are the least important part of the blood* will appear to Imve 
no just foundation. 

The author finds that the phaenomena attending what is called 
**tital tuigescence" of the blood-veseelt, depend not merely on an 
accumulation and stagnation of blood, but on changes in the Condi* 
tion of its oorpuides, which assume a more or less globular, or ellip- 
tical appearance resemhling cells. Their Interior is dark, from a 
great increase of red colouring matter which accumulates nround a 
pellucid and colourless point, corresponding in situation to that of 
the central part ui nuclei in other cases ; and no completely do the 
corpuscles £11 their ▼esselsv that the fluid portion of the hlood Is ex- 
cluded, and the corpuscles are oompressed into polyhedral ferms. 
This condition of the blood-coipnsoles during vital tnrgescence of 
the vessel- , the anthor thitik= fleservin^ of consideration, in connexion 
with many of the ])h;unomcna altrinlmg local accumulations of blood, 
both in health aud in disease; and more especially with refereuce to 
increased pulsation, the exudation of colourless fluid, and the heat 
and redness of iniluned parts. 

Aconding to the views of tiie autiior, the formation and nourish- 
ment of organs is not effected merely by the fluid portion of the 
blood, for he has discovered that the cells which he showed in his 
*• 'rhird Scries of Researches in Embryoloiryt '' f'^^ri theeliorion, arc 
altered blood- corpuscles ; aud he has further iouud tiiut muscular 
Cibrs (that ls» the fiitnre musde^fintef not the flbnl) u formed 
hy the coalesoence of cells* which also are derived from corpuscles 
of the blood. He has seen and figured every stage of transition* 
from the unaltered blood-corpuscle to the branched cells forming 
the chorion, on the one hand, nnt! to the elliptical or oblong mna- 
cle-cell^, on th'j i>thcr. Tlic t ul ur is not changed, except that the 
blood- corpuscle::, whcu paaixa^ lalu ceils for the formation of mus- 

• [See a note on this subject by Dr. Bsny, p. 167 of the present 
volume.— EniT.j 
t £8eeIiowLaDdEd.Fhil« 11%. vol. xvi. pw Mr-BwrJ 
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clc. become of n much deeper red< There seems to occur in 
an increase of red colouring matter. 

Valentioi in desorlbing the mode of the fomuktioii of mueele, had 
stated that globules approach one another and ooaleece to form 
threads, which in many places have the appearance of a nt rkkce, 
but subsequently lose the traces of division, and bccomo cylinders* 
Schwann had conjectured tlmt tlio tjlobules just referred to— as ha- 
ving been observed by \'alciitai— arc cells, and that these cells coa- 
keoe to form a secondu^ cell, thut is. the muaele-cylinder. Hie 
author cottfinna the observations of VaJentSn and the conjeetiiree of 
Schwann, with the addition, that the glnh\il s coalescing tofbnn the 
nni'^rlc cylinder are blood-corpuscles M-liic h have lipcome cellt*. The 
fibrils appear to lie subsequently formed ^vitliin tin ( vlituUr, which 
thus becomes the muscular fasciculus. The medullary ])ortion 
of the cylinder appean to be eompoied of the pellucid objects, one 
of which ie contained withui each altered blood-oorpttacle. Soma 
of these pellucid objecte, however, ooatititte to oeeupy a peripheial 
situation. 

The author thinks it is not jtroliablo tli;U inusrulur hl)rc and the 
chorion are the only tissues formed by the corjmgcies of the blood ; 
he is disposed rather to inquire, how many are the tissues which 
titey do not form } Nerves, for iaatance, are known to arise venr 
much in the same manner as muscle-cylinders ; and epithelium-celis 
sometimes present appearances uliich have almost suggested to the 
author the idea that they werr altered corptisrirs of the blood. 

.Schwann had previously shown that " for all the elementary parts 
of organisms there is a common principle of development," — the 
elementary parts of tissues having a like origin In cells, however 
different the functions of those tissues. The facts made known in 
the present memoir not only afford evidence of the justness of tlie 
vie\v« of Sr}nvnnn, hnt they farther fIiow that ohjerts, such as the 
corpuscles of tin liloud, having all the same apjuur;i nee, enter im- 
mediately into the lurmution of tissues which physiologically are 
extremely different Some of these corpusdea anange themaelveB 
into muscle, and others become metamorphosed into constitttent 
ports of the chorion. But the author thinks it is not more difficult 
tn conceive corpuscle;' havinir fhv «amc colour, form, nm\ general 
appearance, undergoing tran?li rmations for very diflercut purposes, 
than to admit the fact made known by two of his preceding me- 
moira^^namely, that the nndeus of a oell» having a central situa- 
tion in the group which constitutes the germ, is developed into the 
whole embryo, while the nndei of ceUsoocu])ying less central situa* 
tions in the group, form no more than n minute ]iortIon of the am- 
nion. It if= ktKHVTi tl nt in the bee-hive a pnil) is taken — for a spe- 
cial purpufcc— Ironi among those bom as workers, which it perfectly 
resembles until nourished with peculiar food, when its development 
takes a different coarse from that of every other individual in the 
hive. 

The Society then adjourned over the Whitsun ileceH» to meet 
again on the I8th of June. 
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OEOLOOICAL 80CIBTy« 

FA, 1, IWi^Annutd Cfenerai Mteixnff, 

The President announced that the Wollaston Medal had been 
awanled to Prof. Diunont, of Liege, for his ^Femoir, Map, and 
Sections on the (leohigical Constitution of the Province of Li(;ge, 
published in 1832 ; and one yt ar's interest of the Wollaston Fund 
to Mr. James De Carle Sowerby, in order to facilitate the continua- 
tion of his researches in Mineral Conchology ; Or. Buckland, on 
presenting the Medal to Dr. Fitton^ who hacfbeen requested by M« 
Dumont to receive it on his behalf, said : — 

Dft» FtTTOHf 

I am highly gratified that it has become tny duty on the present 

6cco>ion,toronimittoyourcarr as the Ileprenentativeof our common 
friend, Professor Dumont, the Wollaston Gold Medal, which has 
been awarded to him by the Coiineil of tliis Society for his Me- 
moir on the Geological Constitution of the province of Li^ge pub- 
lished at Bnissehi in 1838. 

The grounds of our tardy recognition in 1840, of the merits 
of a work published so long as eight years ago, are the same, that in 
1830, prompted the Judges appointed by the Academy of Brussels, 
to Fsolert this Memoir a?? most worthy of the Prize then prf)j)osed by 
that Academy, for the beat Geological description ot tlie j)rovince 
which has formed the subject of M. DumoOt's sucoessful labours. 

In tlie Avork thus doubly croMrned, the Author has described the 
mineralogical and zoological characters of the rocks which occupy 
this district, and detrnninf fl in nilnnte detail, the rdatlve places in 
order of sureession. and the sti])erliciai extent of eaclj suhonh'nate 
division of the ueverai furmatious. He has also illustrated the 
same by an accurately coloured Geological Map, and by coloured 
Sections, showing the general disposal of the strata in their original 
order of depositifm, and the extraordinary derangements and dis- 
turbnnrrs that ha\'e jsnbsequently thrown them into a !*tate of almost 
inextricable confusion. In the execution of this work, >T. Dumont 
has evidenced unususd powers of discriuiiuatiug and accurate obser- 
vation, combined with a high capacity of reducing the raiuutice of 
local details under the dominion of enlai^ed and mastofly iheo* 
retical generalizations. Advancing at the <?arly age of twenty one, 
to a task of gigantie labour, in a retiion w!iere the unexampled dis- 
turbances, and almost incredible complexity of its component strata 
had baffled the sagacity c»f the most experienced geologists, this 
extraordinary youth at onoe withdraws the veil of confui^ion whicii 
had hitherto tlisguised the stratigraphical arrangements of his native 
province, and as it were, by an intuitive touch, reduces to order 
tlu" entangled and almost incredible phfpnomena of dislocation, con- 
tortiuu, and inversion which had perplexed his predecessors in the 
same field of observation. 

In addition to the scientific value of M. Dumont s exact and la- 
borious researches^ in illusCratuig a high and difRcult problem in 
positive geology, hb work assumes a puwe of great statistionl wi4 



Digitized by Google 



304? Geological Societt^ I — Annual Gen&'al Meetings 1840. 

conunereial importance, as descrilwig the structure and contento of 

a rich and productive carboniferous district crmtaining eighty-three 
beds of valuable coal ; and its practical utility has bern fully shown, 
by the fact of a second editiuu having been required tu supply the 
demaads of the landed proprietors, and persons practically interested 
in the operatioiu and products of the coel mines* 

The geological tribunal of BniaseK indndtng the highly distin- 
guished geologist Oinalius d'Hallov, at appreciatcfl duly, and 
rewariled as tlicv deserved, these brilii int liiM overies; but the pha'- 
nomena represented on M. Duinont's map aud sections were so un- 
usually complex and improbable, that the geologists of England 
could not but forbear to admit thdr reauty, until it was fully 
confirmed by our }>ersonal examination, with the aid of that 
new light whieh IM. Duinont's discoveries liad thro%vn upon them. 
The result of such inquiry has been a full corroboration of M. Du- 
mont's representations, aud at this late hour we at length come for- 
ward with the homage of our tardy but sincere acknowledgements ; 
a duty too long delayed, from the exercise of precaution in its admi* 
nistration, but for this very reason now become more urgent, when 
the grounds for conscientiously discharging it have passed tlie or- 
deal of severe and critical investigation. It is for this great work 
then on the geological constitution of tlu; Proviuce of Lit'ge, such 
as in 1832 it issued from the hands of a young, and then unknown 
individual, and apart from any more recent attempts to identify the 
Belgian formations with those of England, that our Society has 
awarded to Andre Hubert Dumont their Gold Wollaston Slcdal 
for tli(> present year ; in testimony of their admiration of the almost 
preeoeious talents tiien displayed by him, and of tlieir sense of his 
worthiness to fill the distinguished scieulilic position to which he is 
now advanced^ as Professor of Mineralogy and Geology in the Col* 
lege of Li6ge*« 

Dr. Fitton, on receiving the Medal from the hands of the Presi- 
dent, said, that he had been reqiH sted by iM. Dumont to express his 
great regret that unavoidable ilutu s i)revented his ajip^'aring in 

Serson on this occasion. M. Dumont s letter states with deep iueling 
is sense of the honour which the Geological Society of London has 
thus conferred u])on him, and his hope that he may soon be enabled 
to come into England, for the purpose of extending his personal ac- 
quaintance with the m(*mbf rs of this Society, and of being enab!^!, 
with the aid of their kiu)wle(lge, to perfect the comparison ot the 
ancient strata of Belgium with those of this country. The Society 
could not but anticipate great advantage to Geology from the ap- 
plication of M. Dumont*s talents to the comparative inquiries to 
which his letter alludes. 

On ])resenting the prize awarded to Mr. James De Caiie Sowerby* • 
Dr. Buckland said : — 

It is with no snudl pleasure that I rise to perform the duty of 

* [A paper by M. Dumont *' On tlic Equivalents of the Carnbrinn and 
Silunau Systems in BelKiuui," will be found in Lond. and Edinb. PhiU 
Mag., vol. XV» p. 146.-»SDiT*j 
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placbig into your hands the awaid that has been made to you hj the 
Council of ille Geological Sodelj, of one yet^B interest of the Wol- 
laeton Fund, in order to faoUitate iJie continuation of your researches ' 

in Minora! Conchology. — The ser\'icr55 are great "which have been 
rendered to Geology by the extremely iisefnl and wfOI-timcd work 
on fossil iahells, which was iii?iny vears a^^o begun by your excellent 
father, and continued by kim to the cud of ikia lil'e, and has been 
since conducted hj younelf ; and the aasoeiaAioa of his name with 
that of Dr. Wollaston, recalls to my mind, as it must to the minds of 
most of my hearers, pleasing and grateful recollections of the bene- 
fits which diirinj? their lives they both conferred on tins Society, 
and which their works will liave extended to all our contemporaries 
and successors in this department of scientific inquiry. It was 
your father's peculiar merit to be one of those accurate and enthu- 
siastie observers of nature^ who have in modem times contributed 
so much to remove from sdence the rugged and austere aspect 
under whitih it used to be presented ; and who by facilitiitlng to every 
one the means of advanrinfi ])leasantly in it*j pursuit, have, in all 
essential manner, |)romotcd, and given popularity to the study of 
Botany and Conchology. 

It is to Mineral Conchology, wlM lie so especially promoted, that 
we who are oceuined with Sie investigation of the structure of the 
earth, have in modem times been mainly indebted for evidences 
which have led to the establishment of many of the most important 
straligraphical distribution?*, that have been founded on the suc- 
cessive changes in animated nature which are made kuown to us by 
the study of fo^il shells. It was on this foundation that Cuvier and 
Brongniart established their important divisions of the marine and 
freshwater strata of tli. Tn ti n y formations, which have since been 
more minutely distributed by Sir, Lyell into the eocene, ])lioeene, 
and mtoecn*' series, according to their relative numbei's of extinct 
and recent species of fossil siiells. It wa" on a similar foundation 
that Mr. VVilliaiu Smith re^^ted hi;> idcutiticatiou of the Secondary 
Strata of England. It is on the same basis of oonchological evidence 
that Mr. Murohison has founded his fourfold subdivisions of the 
Silurian portion of the Transition rocks ; and it is chiefly to the illu- 
iiiiTinfion which this branch of Palrmntology lias shed upon the 
changes that took place on the surface of the earth, whilst its strata 
were in proce^ of formation, that we owe the rapid ad\anccs in 
geological knowledge which have been made since the commence- 
ment of the present century. To this rapid progress, arising from 
the introduction of the evidences of mineral Conchology, your own 
publications and those of your family have largely contributed ; you 
have ftirfhcr co-operated materially in advancing our inquiries by 
your jjcisuual assistance, at all times cheerfully and liberally ren- 
dered, to all your fellow labourers iu the same helds of scieutiiic 
resrardi* who stood in need of your aid* for the elucidation of mi- 
nute distinctions in the cfaaracters of fcmtt organic remains, which 
have at this time become so important an element in geology. 
The volumes of the Transaetif)ns of this Society, and other pubu- 

FhiL Mag. a d. Vol. 17. Na. 110. Od. 18M X 
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CfttioDs by maoy of its Memben, indading myself, bear farther tes- 
timony to the importance of your labours, in iUuttratiiig our voriu 
with drawings and eDgraringa of fossil shells and plants, exprcairing 
their characters with a degree of accuracy nnd truth, which no pencil 
or burine but those of a scientific artist could posvsibly accomplish ; 
uud I aui sure I give utterance to the feeiiogs of ail our fellows now 
anmnd me^ when I Ibiia pttbUdy acdmowledge flw aervioet you have 
rendered both to ounelTea, and to the adenoe we cultivate ; and ex- 
press the aatiafactioii with which we thus publidy racogniae the 

Ine of vonr f xf'rtlon«. 

Mr. Sowerby then expressed iuinself in the i'uUowiog terms:—* 
Sir, 

I hardly know what to say, so deeplv do I feel the unexpected 
and kind award beatowed upon me by thia Sodety, but I must as- 
sure you, that I am extremely gratefbl for the honour done me. 

sir, you fspokc of my father, you excited feeling? most dear to 
me, and I liave long felt that I !ia\ e experienced more consideration 
tltau I liave deserved, in conseciuence of the esteem that has ever 
been attached to his memory. But I must have been a most un- 
grateful son had I not, after his peraevering and kind inatructioni^ 
done gomething for the advancement of Natural History. What 
little I have performed, especially for Members of this Society, has 
been for the love of Science; and I feel far more than amply re- 
warded by the honourable present I have ju.si received at your 
hands. You have stated, Sir, that you take a pleasure in associating 
the name of WoUaaton with that of Sowerby ; I ahall never forget 
the kindness and patience with which Dr. WoUaston communicated 
information. When the reflective goniometer was first completed by 
him, he spent several hours one morning with me in hia study mea- 
suring the cleavages of various minerals related to hornbh nde and 
augite which I took to hint fur his opinion ; and at another time 
he indulged me with an e<pially long lesson on the chemical exami*^ 
nation of minute portiona of minerada. lattle did I think at that 
time that I should ever share encouragement continued by his 
bounty, after his dcj)arture from this world ; but 1 have lived to fed 
that his benevolenci' lives bt yoinl the grave. 

Sir, I receive this award as a trubt repoiied u\ me, ajid iiope that 
I shall not be found wanting in carrying out the object the Council 
haa in view. 

I beg aincerdy to thank the Socie^ for the confidence placed in naob 

'Die foUowinir Fellows w(>rc declared to have been elected the 
Utticcrs and Council for the ensuing year. 

/Veitdbili-^Rev. W. Buckland, D.D. Professor of Geology and 
Minerd^y in the Univemtty of Oxford. 

Vice'JPresidenis. — G. B. Greenough, Esq. F.R.S. & L.S. ; Leo- 
nard Horner, Esij. F.R.S. L. E. ; Sir ^Vruxlbine Parish, K.C'.H. 
F.R.S. ; Rev. William When-fll, B.D. JrUl.JS. Trofessor of Casuistry 
in the University ol Cambridge. 

Secnkaries. — Charles Darwin, Esq. F.R.S.; Williaiu Juiiu Ha- 
milton, Esq. 
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Fortifrn Seer^iart/.'-n. T. De la }^cche, Eiq, FJtU». & L.S. 

Trm4fUfer*— John TayIoi% Esq. F.li.S. & L.S. 

CknmdL—Ax^w Aikin, Esq. FX.S.t FhUMfaBftily, Esq. 
L.S.; Viscount Cole, M.P. F.R.S. ; W. H. Fitton, M.D. F.H.S. L.S.| 
W. Hopkins, Esq. M.A. F.R.S. ; R. Hutton, Esq. M.P. IVI.H.I.A.; 
Cliiirlcs Lyell, Esfj. F.R.S. T.,S.; William H. Milkr, E^q. M.A. Pi-o- 
fessor of Mtnoralotry in tlie University of Cambridge: }l. 1. Mur- 
chison» Esq. F.R.S. L.S. ; E. W. \V. iVndarves, Esq. >i.F. F.K.S.J 
FhiUp Putey, Esq. JVLP. F.R.S*; George Ueimie, Esq. FJft«&t 
Diniol Skaff9, Biq. Rer. Adam Sadgwkkf F.iLa LA 

WoodwMdiia IV ofcwor in iht UnivMiilj of CiMMIgv, 

Address to the Geologiccd Society, delivered ai the Anniversary^ on 
A$ ^Ut of PAmary^ 1840^ by As Rsv. PBomton Bucklamd« 
D.D.» I .R.S., Curremoii^ MoiAtT th§ IfutUm if Fmnott 

GmumMaatp 

Bt the Repoit just read, you bm mm HuH the state of Mt 

Sofiety \» one of steady and salutary projrrcssion ; forty-thn'f* im w 
Members have been ad(U>d to the Lint of our Foliows, from \\ iii< h 
seventeen have been removed by deatli or resignation, leaving our 
actual nuiuber 768, with an increase of twenty-six during the labt 
Tear. The TaicaBdes that hare ooeoired upon onr foreign list hm 
DOen supplied by three UgUy distinguishtd onltivators of science 
on the Continent, Moh pre-oninent for M§ •oooeiiAil I«Ikiiii» in higk 
departments of our subjeet, namely i 

Major Puillon dc Boblaye, in Positive Geology, 
Professor Adolphe Bronp;niart, in Vegetable Paiseontology, 
Profi^sor Gustavo Rose, m Crystallogranhy and Mineral Analysis. 
We are rieh in property, though our ronds are^ at tliie moment, 
low< but tbey wfli fpeedilj be re]iaired by the sale of tim Urge 
and eostly part^ which have been added to our Transactions. 

Thf» Reports of the Library and Collections in our Mn^pum are 
satisfactory. The chief additions to tiic fonner consist ol presents 
from Au^ors and Members of the Society. Our principal bene- 
ftctor has been Mr. Grsenongh, who has given ns a CelwetioD «C 
the older Authors, — supplying many of our defideneies hi the 
Literature of Geology and Alineralogy. Considerable progress has 
been made in the arrangement (d" the Cabinets by our Sdb-rMmfor, 
Mr. Woodward, under the superintend»'nce and directioas ol Mr. 
Xionsdaie; one iiuudred and t^ixty drawer* of rock specimens aiid 
fymXk naudne having been labelled, and in part catalogoed, since the 
amttlng of last year* It Is satlsAwlorv to And that the nomber 
of penoBf who oom to aiady oar ColleolloaB hia baen mneh hi- 
oreased. 

Our entire e8tal)lisiiment (continues to ree< ivr the Tnps'tinia])le 
advantages il has long enjoyed from the zealous superintendence^ 
tmd scientific acquirementii of our Curator, Mr, Lonsdale. 

Onr WoUaston Medal hns been awaided to Profassor Domoot* 
Ihr hii Mupf gtntioas tad Memoir m tho QoologlMd ffnimitatim 

X2 
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of tlieProi4iioeorLi%e,publi8]iediiil8S2; anclMeyeii'siiitarHt 
of tlio WoOaston Fmtd has been pveeeaAed to Mir. Jaoies De Caile 
Sowerby, to faoilitale ilie continiiatioii of bis nmmnibm in Minenl 

Conchology. 

More than a (piarter of a centnrv luts now elapsed since I bream*? 
a Member ot this* Society ; and htleen years have passed since I was 
first placed, by your kindness, in the honourable position of filling 
Hub Chair, ot that iin{iortaiit period of our biitory wbes wo reoeirea 
theL national reoognitiou of a Royal Charter. I shall never ceaw 
to consider it one of the brightest rewards of my labours in geology, 
that my name is enrolled in that charter, Mtbotet Prendentof tbe 
Society in its corporate capacity. 

Since that important epoch, our chartered boiiy has received iruui 
the Govemment of the ooontry tboTainaUe aanmn and ndfurtago 
of an establishment in the very convenient apartments of Somerset 
House, vhidt we now oeeopf. The nomber and diaracter of the 
scientific labourers who have joined our ranks, and the volumes 
added to our TniTi?;artioTi«, «iTice these events, show tlint s»\rh rn- 
courageineiits have not been conferred on a socieiy disposed to 
slumber under the sunshine of prosperity ; but tliat, aided by these 
adnwlagesy wo have endeavottfedto maintain a steadily progresiiTo 
oooise^ in the great work of lllnstoatittg tiie physical atraotnre of the 
earth. 

Tt is not my duty, on the present occasion, to Tiotice geological 
memoirs or subjocts wliich belong to years preceding that wherein I 
entered upon my present office. The usual practice ratlier cun- 
flnea me to tlie moat remarltable events of the last twdfo mouths, 
doling which I haye liad tiie honoar to ffilthia dhair. 

MVStU.Ni OF (ECONOMIC GEOLOGY. 

Among the most important of these events, we recogni^o ^vith 
gratitude, and confident anticipation of great advantage, botli (o 
t»cieuce and tke arts, the establish men t, by ller Maji^ty's Govcrn- 
nent, of an tnsyti^icn hitherto nnlaiown in Engfand, namely, a 
Musenm of CEcokomic Gboiogy. Tliis is to be Aoeiy accessible 
to the public at stated periods, in the Department of Her Ma- 
jesty's Woods and Forests, nnrl PuMtc Works, for the expres5? object 
of exhibiting tlie practical a])pii( ati(Hi of geology to the useftd })ur- 
poses of life. In this Mu^um a large store of valuable materials 
has already been collected and arranged, chiefly by the exertions, 
and under the direction of Mr. Do la Beehe. In it will be eihi- 
bited eiamples of MdalBe Ores, Ornamental Marbles, BoiMingi* 
stones anci Limestones, Granites, Porj)hyries, Slates, Clays, 
Marls, Brickearths, nni\ Minerals of every kind produced in this 
country, that are ot ptcuniary value, and applfcable to the art* of 
life, iiiluriuatiou upon such subjects, tliuii readily and gratui- 
tously ac ce s si ble^ will be of the ntmoet piactical inqKirlBaoe to the 
miner and the mechanic, the builder and the arohitect, the en- 
lancer, the whole mining intcre^, and the landed proprietors. Tiw 
eetabUshment will ooBtain also oxanqtlcs of the results oi^Metallniw 
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gic processes obtained from the furnace and tiie laboratory^ with a 
ooUectioD of Models of the most impioved machinery, chiefly em- 
ployed In miiiiDg. A weU-Btored Laboratoir U attached to this 

department, conducted by the distinguished analytical chemistt 

Mr. Kichard Pliillip'?, \vlu)so duty it nireiuly if, at a fixed ant! mo- 
derate charL^e, to conduct the analysis of metallic ores, and (;tlu r 
minerals and soils submitted to him by the owners of mines or pro- 
prietors of land, who may wish for authentic information upon 
such maftten. 

The pupib in tliis laboratory are already actively emplored in 
learning the arts of mineral analysii, and the yarioua metaUuigic 

proccsse*?. 

A sccoTul lU pai tnif nt in the G^^conomic Museum will be assigned 
to tiie promotion of improvements in Agriculture, and will contain 
sections of strata, vith spedmens of soils, sub-soils, and of the 
rocks from the decomposition of which they have been prodnced* 

To this last-mentioned collection proprietors of land are solicited 
to contribute from their estates labelled examples of soils, with 
their respective sub-soils ; and all persons who wish for an analysis 
of any sterile soil, for the purpose of giving it fertility, by the arti- 
ficial addition of ingredients with wliich nature had not supplied 
it, may here obtain, at a moderate cost, an exact knowledge of its 
composition, wliich may point out the correctiYC additions which it 
requires. This portion of the Museum will more especially exhibit 
the relations of geology to agriculture, in '^o far as a knowledge of 
the materials composing the sub-strata may afford extensive means 
of permanent improvement to the surface. 

[To be continued.] 



ROYAL ASTRONOMICAL SOCIETV. 
[Continued from vol. xvi. p. 148.] 

Jan. 10, 1840. — The followiniz; communications were read : — 

Ephemeris of the Gurnet now visible, iiy Mr. C. Kumker, of 
Hamhorg. Gommnnicated by Dr. Lee. 

A Letter from Mr. Henry Lawson to the Secretary describing the 
appearance of the Comet, as seen at Hereford. 

The comot was observed by Mr. Lawson on the mornings of the 
23cl and 2l)tli of December, and of the 8th January instant. It had 
a tolerably well-defined nucleus, with a brushy tail on tlio side op- 
posite to the sun. The nucleus subtended an angle nearly equal to 
half the visual angle subtended by Jupiter ; and the tail filled the 
whole field of view, the diameter of which was three minutes of time. 

Apparent Positions of the Ckimet observed atEdinbmgh, By Pro- 
fessor Henderson. 

Observations of the Comet made at Ashurst and Dulwich. By 
Robert Snow, Esq. 

Mr. Snow found the comet on the 28th of December. The ob- 
served diameter of the head was then 58", and the tail extended 
beyond the field of view. It ms vgain obeerved on the 39Uk» and 
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also on the 5 th and 6th of the present month, when it was verj 

hnght and easily found, llie nucleus was large, but not stellar. 

Occultutions of Stan by the Moon to the end of 1839* By Ro- 
bert Snow, Ksq. 

Catalogue of the Pleiades. By Robert Snow, Esq. 

The author ftates that tbia catalogue does not lay olaim to alrict 
aomiraoy, but waa constructed in order io fonn a dhait, wluoh migiit 
be consulted wilJi advantage when occultations of stars in tibe 
Pleiades by the moon take place. Piazzi'.s star^' fnlling^ within the 
limits of the chart were taken as standards, and the ditferences be- 
tween them and the other stars determined by a wire micrometer. 
For some stars, too faint to allow of illumination, the ring microme- 
ter was used ; but they were more usually put down by estunatkm* 
which may be done wim nieety when many are in the field together. 
Th:*' rnmmunication was accompanied by a chart. 

On the Variability of a Cassiopricr. Ih' Robert Snow, E«q. 

In the Monthly Notice for May la^t (vol. iv. p. 195.), the atten- 
tion of the Society was directed to the supposed variabilihr of this 
afiurj andithas« accordingly, been watched, with the naked eye, 
since June 9, 1889* up to the present time, January 8, 1840. The 
relative brightnesses of a. /s, y Cassiopeia have been registered on 
sixty-eight evenings. The result at present is that y has been ge- 
nerally put down as brightest, and never faintest ; /> generally ju 
faintest ; a faintest twelve times out of sixty-eight, and generally 
so about the 5th day of the month. In tiie Soeiety'a Catalogue, 
the order of magnitude is /9, a k y. Mr. Snow remarks that the 
star a appears to his eye at all times sharper and better defined 
than y or /9 ; and it is also more readily obscured by fog or hase« 
although it is a reddish star. 

Obsen'ationa of a Cassiopeia: iu 1831 and 1832. By Mr. W. R. Birt, 
Librarian and Assistant Secretary to the Metropolitan Institution. 
Communicated by the President. 

These observations were commenced in April 1831, and extend 
to November 1832 ; and the earlier part of them, from April to 
December 1831, have already, with some others, been communicated 
to the Society. See Monthly Noticeji, vol. ii. No. 11. In a letter 
to Sir John lierschel, Mr. liirt states, that since 1832 his attention 
had not been directed to this star untQ he read the Monthly Notice 
for May last, when it immediately occurred to him that his obser- 
vations might probably assist in determining the period in which the 
brightness of the star completes the circle of its <^nidation«. Wlion 
Mr. Birt commenced c)l)!«crvinir the star in April 1831, the histre 
appeared to be at iti> miuimum. In December of the same year, 
he again observed it to be lese than /3. Hb observations were then 
discontinued until June 1832, when it again appeared leas than /3. 
Taking the extreme observations, we have thus two periods completed 
in about f.frren months, or oTie period in about 22.5 day.s. Assuming 
this a.s the j)efiod of the variation, and computing from April 2G, 1 8.3 1 , 
the number of days elapsed until April 28, 1839, is 2934, which 
gives thirteen periods of about i25 days each. Sir John Herschel's 
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obsen'atlons give the maximum from November 12, 1838, to January 
22, and calculating from July 7* 1831» twelve periods, tha 

maitimnin would be obtemed on December 4, 1638. On the whole. 
Mr. Birt concludes that the period of 295 days may be regarded as 

a first approximation, which may receive correction from a compan- 
ion with the earlier observations of Sir William Hcrschel. 

On the Variability and i^criodic Nature of the Star a Orionia, By 
Sir Juhu F. W. Herschel, iiart. President. 

" In a commonication which wae read to this Society on the lOth 
of May last, I pointed out the star a Cassiopeia a» variable and 
oeriodical. That the fluotuationa in aplendoor of this star should 
have escaped general notice is not extraordinary, since the difference 
between its greatest and least brightness can hardly be estimated 
at more than half a magnitude. But that a periodical variatiuu to 
a very mudi greater extent, in ao important and remailcable a atur aa 
a Oriomt, ahoidd, up to this time, luiTe been completely unnoticed 
b^ aatronomers. docs appear to me, I confess, not a little extraor- 
dinary, and might be taken as an argument to show, more than any 
thing, the comparatively neglected state of this highly interesting 
branch of Phyical Abtrouomy. Perhaj)s, liuwever, iu this, as in many 
other cases, the veryjprominencti uf llie object has been the cause 
of its being neglected; aa it might eadly be supposed by any one 
entering on thia reaearoh, that had a star ao familiar to every practi- 
cal astronomer presented any striking peculiarity of this kind, it 
could not but have been observed. Hence, while the attention of 
observers has been directed, and with success, to much inferior .stHrb, 
it iscciu:j to have becu taken fur granted, that among :itara of the 
firat magnitude nothing, in ^t, remained to be diioovered, 

*' Having bestowed much attention, during my residence at the 
Cape, on the eatiroation of tlie magnitudes of the southern stars, 
both by direct photometrii ;il measurements, assigning numerical 
values to about sixty or seventy of them, selected as offering con- 
venient gradations of brightness, aiid al^o by very atisiduuus and 
often-repeated compariaona by the naked eye, with the view to com- 
pleting a graduated scale down to the fifth magnitude, at leaat, it 
became important to connect theae magnitudes by aimilar coroparl. 
Bons with those of the northern hemisphere, by means of stars in 
the vicinity of the equator admitting of observation at both sta- 
tions. My method in these observations has been invariably on 
eadi night to establish, in the first instance, a sort of skeleton-scale, 
beginning with the atars of the first magnttade actually visible, and 
extending as far as was judged convenient for the occasion, then 
filling in this scale by the insertion of fresh stars between the mem- 
bers, lljc stars of the firi?t magnitude actually above the horizon 
at the time of commencing observation were first arranged, and 
others of that magnitude inserted among tliem as they rose and 
gained altitude* 

" On the very clear and brilliant night of the 96th November last, 
being engaged in a process of thia kind, I was surprised, and I may 
almost say startled, by the e&tiaordinary splendour of a Orionit, 
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which far exceeded my idea at the moment of what was its natural 
state. Proceeding to compare it with other stars of the first magni- 
tude (Sirius beinir, of course, out of the questioji), their arrange- 
ment lor tlie niglit was fuuud to he as follows: 

GapeUa || a Ononis | Rigel (| FroGyon||| Aldebaiaa | PoUux, 

'* In this and subsequent anangements of the same sort, the 
nnmber of vertical strokes between &t names indicates the estimated 

amount of interval, or the grades or stoj^f of magnitude by which 
the stars differ. Thus, the step from Capella to a Ononis is a 
great one ; that fruiu a Orionis to Rigel, a distinct but moderate one ; 
from Rigel to Procyon, a great one, admitting of the easy insertion 
of a star decidedly inlinior to one, and anperior to the other, between 
them ; from Procyon to Alddmnoif a very gieat step, admitting, at 
least, two such insertions of imaginar}' stars decidedly direrse in 
lustre between them ; and so on. Now as I distinctly recollected 
having, on a great mfiny occasions, placed a Orionis nearly on a par 
with Aldebaran, there could be no doubt uf a change. Uelernng 
next morning to my fiilher's Catalogues of Comparative Brightness, 
I find that he makes die star in question slightly inferior, or at most 
equal, to Proejfon, and much greater than Aldebaran, 

" In consequence of this observation, 1 proceeded forthwith to 
draw out in order all the com]);irisons of a Orionis with otber stars 
made at the Cape, on the voyage homewards, and since my return. 
In so dobg, I must confess I was hardly less surprised than at the 
sight of the star itself to find in my star-lists, containing the results 
of a partial reduction and anangement of my Cape observations, 
a Orionis not merely marked variable, but distinct entries made 
of it in that list at its maximum and minimum,— (lie maximum 
being stated as above Rigel, the minimum below Aidehuran. This, 
however, had entirely escaped my memory, but being thus recalletl, 
and so ibrdbly corroborated, I resolved to watch the star more nar* 
rowly in future ; the more especially as it seemed to follow, from 
the tenour of the observations, that its diminution of brightness 
was likely to be rapid : and so, in fact, it has proved to be." 

T)k' author then proceeds to give tlie observe t ions on which the 
evidence of the former ciianges ol tiie star is grounded, i hey extend 
over the years 1836, 18S7, 1838, and 1889, and are asfoHows (de« 
noting, for brevity, a Orwmg by the word Onda) 

1836. 

March22. Rigel. Ph>cyon, a Crucis, Orion, Reguhis, Fbllox. 

Nov . 1 2 . 1 ^[^'i ' J Procyon, Acbemar, a Crucia, ^Udebanm, Pollux . 

13. Orion = Rigel. 

26. Higel, Orion, Achemar. 
1837. 

Oct. 24. Orion (high), Achemar, Orion (low), Rigel, Aldebaran. 

Dec. 16. Rigel, Adiemar, Orion. 

29. Rigd, Achemar, Procyon, Orion, Aldebaran. 
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1838. 

Jin. 2. lUgel, ProcyoD, Achernar, Orion, FdUiix» a Crueb* 

6* Rigel, Proeyon^ Aclim8r» Orioii« Aldebanm, « Gnids, 

Pollux. 

13. l^iLTf'l, Procyon, Aclicrnar, Orion, AUlebaraa, aCrucifl* 
Feb. 25. Uigtl, Procyon, Orion, « Crucib, i'ulhix, Renins. 
April 14. Procyon, Rigel, OrioQ, Aldebaran, Pollux, Regulus. 
1889. 

JtA. 17. Procyon, Aldebarmn, Orion, FdIIux, Regalm. 

39. Bi^ol, Procyon, Aldebanm, Orion, Pollaz, Regulua. 

Nov. 26. Orion, Rigel, Procyon, Aldebaran, Pollux. 

On pxnmlnliin: the above series, the general orfler of arnuigemrnt 
(leaving out Orion) is fouud to be Riyel, Procyon, Achernar, Aide- 
baron, a Crucis, Pollux, Regulus ; and the instances ia which the 
amngMMBt is difiierentsre ■eoounted tat bjr wme peculiar ciienm* 
stances connected with the observationa. Thm, ivith remct to 
tbe ol^rvation of October 24, 1837, the siuthor states that &e mis- 
placement of Achernar i« nccoimtablc for by the circumstance of t!ie 
two coni|iHri- n« of Orion liaving been inarlo (n« nj^pears by the 
notices high and low) first when rising witli Ac/iernar then high, 
and Rigeiyomi tad at a later period of the night with Rigel then 
high, and, ooueqaenHf, Athtmmr low. On Janiiaiy 2, 1886» 
u Cruets is set down as inferior to Pollux ; but these two stars are 
difficult of comparison, both from situation and difference in colour, 
and from being, in fact, not very dift'erent in lustre. The trans- 
position of Procyon and Rigel in the observation of the 14th of 
April, 1838, is unaccountable, except from some unsuspected partial 
liaiiMaBmtfaatpartof tbe sky. This obamation vas made at s^u 

Witii lagavd to OrsMi, tlie obsenratioBs eiidenlly show Him 
maxima, viz. m Nov. 1836, Oct. 1837. and Nov. 1839; and also 
three minhna, viz. those of Marcli 183(), Jan. 1838, and Jan, 1839. 
" Reasoning from this, the most obvious conclusion is that of an 
annual, or nearly annual period. But in that caj^e, we must admit 
the decrease to be comparatively sudden, and the increase slow ; 
whereas, if we admit id a period of about six months, this sopposi- 
tion win not be necesoary, and as the star cannot be observed (for 
this purpose) in the summ^ months, there is no primd facie leason 
against adopting the latter pfrifHl ; •respecting wluoh^ hoWOTeTt 
further observation will soon cnhgtiten u^.'* 

The obsen^ations subsequent to Nov. 26, 1839, cotitirmod the 
expected decrease of the star in a very decided manner 

1889. Nov. 80. Rigel | Orion, Procyon |( Aldebaran. 

Dec. 11. Rigel } Orion | Procyon || AUsbanUI. 
29. Rigel, Procyon, Orion, Aldebaran. 

1840. Jan. 2. Ritrel || Procyon | Orion || Aldebaran. 

5. Ui^el II Procyon | Orion I| Aldebaran. 

6. Uigel II Procyon || Orion || Aidebaran. 

In a note to this last observation, it is stated that *' the di£ference 
between OrtM and AlMarm is evidently and r^idly on the de- 
crease. Tho stars are all high, at nearly equal amtndcs, and aid- 
mliably amnged for compaiiaoii." 
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Jan. 7, 1840. " Proofom, Oriom, AUebarm, form a wicpMiion 
hy nearly a^nal itep*."-—" Upon the whole, I think it may be 

stated, that in the intcn'al from November 26 to the present date 
(January S). Orion has sustained a loss of nearly bnlf its light. It 
may easily be sup})oscd that r diminution, thua evidently still in 
rapid progresi*, will, iu uo king Ume, carry down the rauk oi this 
ater below tint of ifUMoree, and tiiat the e qnli a mi i Di i er ditajK 
pointment of this ezpeetatbn la awaited with do aanall intamt.'' 
The author concludes with the following remarks : — 
" The subject of variable and periodical etarj? has been of late 
rather unaccountably Miffcred to lie dormant; a state of neglect in 
which, as I have already observed, it ought not to be suffered to 
remain, and from which I have endeavoured to rescue it on two 
loRoer reoeat ooeaaioiia, by pointing oot the atan a Spdtm aad 
a Omiiajprii^ both large and conspicuoaa elttrs, as belwtging tD the 
latter class. A periodical change, however, existing to so great tn 
extent in so larirc nnd brilliant a star as a Ononis, cannot fnil to 
awaken attenti m t j ilir ssubjecl, and to revive the consideration 
of those speculations rcispectiug the possibility of a change in the 
lustre of our aim itaelf which were put forth by my father. If there 
really be a eommnaity ef aatofa between tiM am and fixed alara* 
every proof that we obtain of ^tub eKtenatve prevalence of .such 
periodical changes in those remote bodies, adds to the probability 
of finding something of the kind nearer home. It is only in com- 
paratively very recent meteorological observations that we can ex- 
pect to &nd that precision in the determiuaUon of temperatures 
which ia neeaeaa r y to eitaMlah the aheenee or pre ianee of periodieel 
dieiige in the intenn(y of aolar radiation} end if the period be not 
ennual (as there is ne leaao n why it should be), the usual mode of 
combining oh-t:rvations of temperature followed by meteorologists 
is altogether inappropriate to the research, which can only be ciirried 
on either analytically, by the introduction of a periodical term with 
unknown coelhciect, epoch, and period, or graphicaUy, by projecting 
in a conliniiona ewe the eiaoe iaify tea^entarea dumig a long 
eeiiee of yeera. For the deteotion el a period of graet length, ez- 
ffivf jiF» g over more than a year, the continued observatioa ef Ae 
temperature of the water a few feet below the surface in open sea. 
under the equator, on the principles jwinted out by M. Arago ia 
his instructionti for the voyage ot the Boutte, would suiiioe. But 
we are far from poawsesing as yet aoffiniant leoordi of mch obser- 
^atiooa to be worth dieenaainy in thia point of ^ew. 8adh ebeaiw 
vations must of thmr nature be caaeal. Even granting that ia etery 
ship which traversed the eciuator the requisite observations were 
made the identity of their thcrmomttrio atandania would be atill 
open to question. 

" The assiduouii observation in hxeU physical observatories of 
the temperature of the certh. et lefeml depttia bdow the anrfoce, 
extending fimm three to thirty feet— an elment whieh we know to 
be (in iti mem amount) 9wfy dependent on sohir nidiatkM»— 

would be in every rc-'iicct more immediately and practically appli- 
cable to the inquiry, and we may expect to aee it cuxied out into 
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effect. The direot metnire of tbt tohur ndklioiit too, by the notmo- 
mfll8r^» tmfjbA Ij no tnmm to be neglected in tlie inquiry. 
" M. PoiiiQa» in a late memoir, has c nn i Mirr e d tbe pneiMe oob* 

■equencefl, in a geological point of view, of the sun and solar system 
having, in long by-gx)ne ages, pn-'^cHl through a region in which 
the actvial tfmperature &/ f^porf -houl i be much greater than in its 
present locuUty f. The great authoixty justly attributed to eveiy 
idea thrown ont hjr ^ poiloic^her, nrait render It e matter of dli- 
fidenoe and diffieiuty to a contrary view. Witlumt, how- 

ever, as a matter of abstraol epeoubition. denymg tiiie poaittaltty« 
i ■u'ould observe that the temperature at any triven point of ppnre 
can arise only from two sources ; 1st, That of the asther, as a tiuid 
susceptible of increase and diminution uf temperature ; and, 3ndly, 
The radiation of the stars. Of the tem£erature of the lether as a 
tud» I MofNi I lim no foneepitiflB. Of tiia irri aton flt of anoii a 
fluid aa thi afloi ent oaoia of lights we have demooilnUo evidenee. 
But the properties of heat are so linked and interwoven with thoee 
of lii^hf , that it is asking more than can be ^ar^tod to demand our 
admission that the sether is a fluid capable of betttg keaieil uml cooled, 
while it is yet undecided (with a leaoiug to the aflirmativu side) 
whetiier It banot the tfWMf cwap ol kMt ilMtf. 

Aa lanidi the radt^ioa of the staa^ltan iaa fwnen in 
heavens WMO starlight is decidedly more deasie llflUl Aewh cra 
the milky way. And we have, I may almost say, ocular cndence 
that our system is cxcLuti i( ;iliy situated within that zone, and 
nearer to its* gouthem than to its northern poiUuu. Ciranting a 
perfect traaspareuoy of the celestial spaces, the brightneiis of any 
gifen region of the aky nnut be alike at all diatincea> w h etl u r we 
ooneeivn thai brightaOK to be uniformly diffviad over its sniftoe, 
t» to onanate £ram a finite numb^ of uncBstinguishabljr aaull 
point?. Now, although the brightness of the southern refriona of 
the milky way may, for argument's sake, be admitted to be three 
or four times that of the northern, yet, as that light i« almost com- 
pktely oUiterated by the pretence of a foil noon in any part of 
the ilrr above the Mm h foOowa that tha brigbtnaea of the 
general frmamumi to a spectator placed within the bnghtest part of 
the raflky way (supposing him not within tlie range of an individual 
sun), must l)e less than that of {t^f^f ih^ f,ilf moon Itself, but) that 
general illumination which the mucni (dinmi nlrntP!* to the whole 
sky by atmospheric reflexion ; i. e. an uimust lulmitcsitnal quantity 
ooeBparadtodwdiieetligiitof liMl«nardiao,tfaaintinsity qfwkkh 
ean hudly ba to tiwt of th« tDnina Ugte lalb than ow to half 
a million. 

«• xii, hnghtMt rfftow in lAe aly—i* a. the brigfaM qwoea 

• ** Thii Initrument was devised by me for the dynamical measure of 
the ioiar radiation in the sprii^ of ; and I have had it in iva arar 

^itice, with continually increa-iing cunfidMiBa IB its indicaUoBta** [Sea 

p. 7^ of the present volume. — Edit.] 

[f A Trantilation of M. Poii»i>oirs meuiuir will be found in the Sciek- 

«iffio liiiioiBe« fol* U p. Iff^-^mr.} 
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bavinp a visible area — are those occuiiicd by the iilnnctary ncbuUc. 
Of thrsf, there is none whicli can be computed to Urmits in iiitriii>ic 
brightnen, to say nothing (tf the moon. Supposing, then, our : 
Systran to be taddeoly plunged into the bosom of one of these ' 
nebulae, an increase of temperature would take place less than that 
which would arise from superadding to our own that which the 
surface of f 'r«nu.< receives from the sun, or lc«i than the 40Oth part 
of that which we actually receive from it; and this, supposes 
Vrantts to reflect all the light incident on it. 

" Leaviqg to ottieis to judge, however, how far tiiese argomeati 
are to be coDndered as noHtating against the view of climatologieal 
changes in remote antiquity above alluded to, I may remark that it 
is » matter of obserred fact, that many stars have undergone in 
part agMli trfthill ttie records of astronomical history, very extensive 
duuifeB in aiipiinnt lostie, nztiioat a dMoge of oatame adeqnate 
to pfodiieiii|f SDoli an effcct* V oor ran were ewr ininttftcttltf 
much brit^htcr than at present, the mean temperature of the surface 
of our globe would, of course, be proportionidly prcater. I sj>tak 
SOW not of periodical, but of secular changes. But the argument 

it compBeated widi tlw oonaidentimi of iha foaubly impofect 
tianepeTeney of I9ie oeleitnl epaoeit and mtli tiie eame of tfuit m* 

perfect transparency, which may be due to material non-luminoiw | 
particles di£fused irregularly in patches analogous to nebula*, but of 
steater extent — to cosmical clouds, in short— of whose exiatetM^ we 
Saw, I think, some indication in the angular and appeientlj ca* 
pridou phttMawn of temporary stan, and pcrhup& in Aa noHit \ 
extraordinai^ Middai iaoMaie and Imfdly Imi inddsn dinunition of 
jy Argus." 

Elements of the comet visible at this period, computed by Dr. 
Fetonen, and raoeivcd from Prof. Sdnuaacber; and paiaboUe ele- 
iMata of the aama computed by fni, Handsnon* am gifCft in Ike 
MoBiAly Nolioa Ibr JaaoMty. 



XLV. IntcUigfnee and MisceUaneotis Articles. 

]>£T£CYIOM Ot lODATE Ot POTASH IN IODIDE OS POTASSIUM. 
BT WAUBICB tCAHI^N, ESQ. 

IT appears that hydriodic acid is sometimes exhibited as a thcra' 
peutic agent, and the method resorted to for its extemporuie* 
on preparation is that recommended by Dr. Andrew FwHhwian, 

of GIa5^^v. It consists in mixing together, in proper proportioo, 
iodide of jjotassium and tartaric acid, both in sululion. 

Now, the quantity of fie« iodine liberated from this fait, which 
I have uilder examination, when treated with tartaric acid, in the 
way jut menlionied, has led some dispensing chemists to suppose 
that it contains more iodine than oUier specimens of iodide of 
])ota>ssium, which, when treated in a similar way, afford a solution 
lliat is eolourle!-!*, or, at most, of a very pale yellow colour , and 

hence, as I am infonaed, some actually look upon tartaric add as a 
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tett of the value of commercial iodide of potassium, aasnmin^ the 
salt of which we are now speaking as a standard of comparison. 
How far it may be depended upon as a test» will appear from what 

follows. 

If tartaric arid in solution be added to a solution of pure iodide 
of potassium, tiie commixed solutions are at first colourless, but 
-quickly become slightly yeUow» owing to the action of atmospheric 
oxygen on the hydriodic acid which is thus generated. 

On making this experiment with the salt in question, I found, 
to my frrcat astonishment, that free iodine, in quantity, was in- 
stantly developed. I was at first at a loss to account for so jireat a 
difference in the behaviour of tiiis salt to that which I had prepared 
myself, and knew to be pure iodide of potassium ; but from the ap- 
pearance of the crystals of this salt, and from the circumstance of 
its not being soluble in water to the extent that it should be, I 
suspected the existence of iodate of potash in it, and I have since 
convinced myself of the fact of its presence. 

I find, if we add tartaric acid solution to a solution of iodate of 
potash, no change of colour takes place, but that bitartrate of potash 
IS deposited in abundance, and, as a matter of course, iodic acid set 
at liberty : this solution instantly decomposes iodide of potassium in 
solution, gi^^ng rise to free iodine in great abundance ; or, if we 
add a drop of solution of tiirtaric acid to a solution of pure iodide 
of potassium, to which even a minute quantity of iodate of potash 
has been added, free iodine is instantly developed. 

Tkutaric acid appears, then, from the experiments I have made, 
to be a very delicate test of the presence of iodate of potash ia 
iodide of potassium, and will be found a very ready and useful one 
for this purpose in the hands of the dispensing chemist, showing 
him that any specimen of tliis salt In which free iodine is thus de- 
veloped, is actually of less value tluiu one iu which no trace of 
iodine appears on the instant of its application ; inasmuch as iodide 
of potassium, in a g^ven weight, includes more iodine than iodate 
of potash does ; as is seen at once by the atomic composition of 
these two salts. 

It is well known to every chemist, that one of tlie methods very 
commonly resorted to for the production of iodide of potassium is 
that of acting upon iodine with potash water. In this way we form 
iodate of potash at the same time ; six atoms of potash and six 
atoms of iodine giving birth to five atoms of iodide of ])otassiam, 
and one atom of iodate of ])otash ; which latter, if suffered to re- 
main mixed with the iodide, would increase the produce of the 
manufactured salt nearly five per cent., at the expense of its purity 
and crystalline beauty. — Lancet » Aug. 29, 1840. 



ON PEPSIN — THE PRINCIPLE OP DIGESTION. 

M. Wasmann has succeeded in isolating pepsin, the peculiar prin* 
ciple of the gastric juice, described by M. Schwann, in die follow- 
ing manner ; — 

The i^hmduiar membrane of the stomach is to be separated with- 
out cutting It i it is to be washed and digested in distilled water at 
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a temperature of 86*' to 95^ Fahrenheit ; after some liouis the liquid 
is to be poured off, the membrane is to be again similarly digested, 
and to be treated with cold water till it exhales a putrid odour; it is 
then to be Altered; the filtered liquor is transparent, slightly viscid, 
tad exhibits a rttnaikKUe dlgwtiive poww when a mbaII quantity 
ol hydfocUorie aieid ii added to it. la order to extnot the pepeia 
in a pure state, acetate of lead is to be added to this liquor | Um 
precipitate is wn^^hcd, diffused in water, and decomposed by a cufw 
rent of hydrr)^ulj)huric acid. The filtered liquor i« CokHirle8a» and 
has an ucid uctiou, owin^ to the acetic acid. 

When HuA liquor is evaporated at 95° Falirenhdt, to the connst- 
enoe of a ejiup. and ehaoliite eleohol te added to i(» en ihattlint 
floociilent pradpitatc is fonned, which on drying leaves a yellow 
gummy matter* which does not attract moiiturt, and is pure pepsin. 

This substance easily dissolves in water, and the snhition, even 
though it contains only I'dOOO, dissolves slightly acidulated white 
of egg, in about six or eight hours. The ac^ueous solution has an 
acid action owing to aome aoetio acid which remaini intimatelY 
eomtnnod with It; it cannot heseperated ftom the pepeiaate of toad* 
efen by re|kcated washings. By ebullition this liquor loses its di* 
gestive powers. If the free acid which it contains is cautiously 
saturated by pota^li, a small quantity only of which is requisite^ 
flocculi are deposited, and the difrfstivc power is also lost. 

The alkalies cautiously addtrd tu the solution of pepsin, till the 
free add is latnnted, oooadon the fbrmatioa of floceali» eiid the li*> 
quor has no acid action. Sulphuric acid in sBiall quantity'produces 
white floooult, which redissolfe in a flight excess of the acid { by 
the addition of a further quantity, fresh tiocculi are prodttoed; hy« 
drochloric and nitric acids produce the 5ume effects. 

Perchlonde of mercury occasions a precipitate which is redis- 
solved by an excess of it ; the protc and persulphates of iron and 
tlie sulphate of copper precipitate pepsin. Aleohdl precipitates it 
from a concentrated solution. According to M. Papptnheim, tide 
precipitate dissolve in hydroddoric acid, and dissolves boiled white 
of eg^. M. Wasmann confirms this statement of tlie digestive 
power of the precipitate t(jnned by alcohol, while, according to 
M.Schwann, alcohol destroys the digestive property of pepsin. 

Pepsin is recognized by the precipitates winch its suution gives 
witii diluted aci£» and whidi redissolTe in an exceee of aeids« 
and by its giving no piei^itate with ferrocyanide of potassium. It 
Is distinguished from albumen by the precipitates which its solution 
yields on the addition of water and hydrochloric acid ; and from 
caseum, by its acul solutions yielding no precipitate with ferrocy"* 
anide of pota^sbiuui. — Journal de Chimie Mtdicale, Aout, 1540. 



DBCHlfflTATfllG SALT OP WIEUCZKA* BT II. 108X. 

This salt was tint noticed by M. Bou^, who eeol a speekncn of it 
to M.Dnmas; it is distbguished from common salt by dccrepitatiDg 

not only when it is heated, but when dissolved in water ; during iO* 

lution dfcrepitation occurring with the disenjrasrement of gas. It 

is evitUnt thiit this gas was con&ued in the aalt in a state (tf Strang 
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condensation ; and this is the cnu^c which occasaoofl the decrepitation 
botli bv heat and solution in water. 

M. Dumas found that the ga^ extricated from this variety of salt, 
when mixed with oxygen gas, detonated like hydrogen; nevertheless 
he suppoaed carbon to exist in it. He had not a euffident quantity 
of the salt to examine more minutely the gae condeneed in these 
crystal?. 

M. H. Rose received from Professor Zeuschncr of Krakaut, a con- 
siderable quantity of the detonating salt, and he has been enabled 
to repeat ami verify the experiments of M. Dumas. I he diti'ereut 
portions of salt did not all give the same quantity of gas when dis- 
solved in water. The maximum, as stated by M. Dumas* amounted* 
to about half the volume of the salt. 

The ^8, when burnt with oxygen, *:^ve nearly the !»ame compo- 
sition as pond (C H''). This product is ])robubly so condensed 
as to exist as a iiquid or solid in the interior ot the salt, and resumes 
the state of an elntie fluid at common pressures. 

The property which this salt possesses ought in ftiture to direct 
the attention to a great number of minerals which occur in nature, 
and which decrepitate in the fire without our bcinff able to attri- 
bute it to the (liscngat^ement of moisture. It may be that tbe cause 
of the decrepitation is the diseugagemeut of a gas condensed in the 
mineral. — Ann, de Chim» et de Phys.^ Mars, 1840. 



METEOROLOGICAL Oli.SEUVATIOXS FOll AUG. 1840. 

Chinckk. — Aug. 1, 2. Very fine. 3 — 9. Hot and dry. la Very fine. II. 
Siowery. 19. Cloudy: rain. IS. Cloudy. 14. Rain. 15. Very fine : »how. 
ery. 16. Fine. 17. Boisterous with heavy rain. 18. Cloudy. 19. Hmtj 
rain: cloudy and fine. 20. Fine. 21. Foggy: very fine. 22. Foggy. 23^ — 
26. Very fine. 27. i'oggy : fin«. 38. Slight fog: rain. 29. Foggy. 30,31. 
Ckm^ and f ac The mean temperature ^Ibt momli waa naarlj 5P ebof* tba 
average. 

iJoflon.— Aug. 1—3. Fine. 4. Cloudy. 5^10. Fine. 11. Rain. 12, 
Fine. 14. Cloudy. 15. Stormy i rain p.m. IG. Fine. 17. Stormy : rain early 
A.M.: rain with thunder and fl|^tning r.u. 18. Stormy. 19, 20. Cloudy. 
•21. Fine: quarter past three r.M. thermometor 80°. 22. CUuiriy • rain r.M, : 
lightning at night. 23,24. Fine. 25. Fine: rain p.m. 26,27. Ciuudy. 28. 
Fiiu-. 'J9. Ctoudy* SO. Fine: rain i>.m. SI. Ooadj: raiiiA«ae. 

N.B. I1ie wannest August since 1826. 

Jp)>tegarlh Jtfaruc, Dumfrks-xhire. — Aug. 1,2. Very fine. 3. Mild: ahow- 
erv A.M. 4. Fine. 5. Sultry. 6. Sultry ; heat oppressive, 7 — 9. Sultry. 10. 
Wet and bcritterous i>.u. IKSbowery. 12— 14. Occasional showers. 1.5. Fair 
throughout. Ifi. Much rain r. v. 17. Hcnvy rain : thunder : high flood. 13. 
Fine drying day. 19. Fine, with one slight sliower. SO. Drizzling all day. 
21. Fine : rain r.M. 22, 23. Fine end fUr all day. 34» S5. Showeij. 26. Fair 
all day and clear <ky. 27. Wet r.M. 2S. Fair all iluy, 29. Drinuog aUdej. 
30. Fine and fair all day. 31. Remarkably tine harvest day. 

Sun ihotie out 97 daye. Rein Ml 15 deje. Thunder 1 day. 

Wind north-weiit 5 days. F.ast-south-east 1 day. .South-east 4|(lay*«. South 
7 days. South, soutb-west 4 days. South-west 8^ days. Variable 1 day. 

Cdm IS days. Moderate 1 1 days. Brbk 5 clayi. Bobtmnie 8 Hjb, 

Mean temperature of the month 57°*60 

Mean temperature of Auj^ust, 1839 55 *70 

Mean teajpontnra of spnng irater 89 
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XLV i. On the mean Level of the Sea, By the Rev. W, 
[ Whkwell. F.1LS.J Professor of Moral Philo&ophjf in the 

I Umvcrsit y of Cambridg^. 

TN the PhilosopMcnl Magazine for August lost, page 134, 
! aud tlie following, are some Jomaiks by Mr. llicliard 

Thomas, on the Account of a Level Line, pubhshcd iii the 
TransacLiuns of the Bruibh Association for 18S8. The level 
line was carried from the Bristol Channel to the English 
Channel by Mr. Bunt, under my direction; the conclusion 
'M which I dveir ftom the openlbn wi% that tbe nwon height 

I ofth«teftimafctlwniiiekrvelat thetwa «Ktreii^^ 

line; sod tlui concliuion Mr. ThomM dufrntes. I beg to 
crffer a few obeerfatioos oo the eolgecl^ waggttM b j re* 
marks. 

I In the fine plm» I will make one or two obienratioDi oo 

1^ the theoretical view of the subject. It is certain (although 

this view (lof*; not np]rrar to be familinr to most of those 

f who turn their ihouglus to tiie (juestion) that according to 

' theory, the mean sur/ace of the sea (in open water) is invari* 

able in its height; and that however different may be the 
level of high water, or ui low water at difierent places, the 
line of mean water b a level Une. Thb will api)ear from the 
ibllowlii^ eouidrntioiu. 
The tiine of high water it dlflbrtnt at difiemt plaeei^ aod 

i thus there art, at any given moment^ unequal praMores opcfa- 

ting Dpon different portions of the tea. It is high water at the 
Land's^d when it is low water at Bai^hy Head ; aiu! tlio e» 
lore the floid pressares in difiarent parts of the fii^glish Ciian* 

* Conmunkated bf the Author. 
PhU, Mag. S. 3. VoL 17. No. 111. ^w. 1840. Y 



Digitized by Google 



822 The Rev. W. Whewell on the mean Level of the Sea. 

ne] are not in equilibrium at any moment. And this is quite 
consistent with mechanical principles ; for the difference of 
pressures in different parts of the chainiLl is precisely the 
force by which the tide-wave is transferred along ilie channel. 
These oscillations of the pr^sure and of the sin lace, corre* 
spoiui to each other; being respectively the chanfjes of force 
and the motion produced. But the deviations above and 
below the mean pressure and the mean surface, balance each 
other in the course of a few hours. If the mean surface 
were not a level surface, the mean pressures would not be in 
equilibrium, and there would be in one part of the fluid « 
permanent resulting excess of mean pressure ; which excess 
would tend to carry the fluid from the place where its mean 
level was liighest, and to restore the mean snr&ce to a levels 
just as if the iiuid were at rest. 

This being nnderstood, it will not be difficult to see what 
will be the slate of the levels of high, low and mean water 
under any supposed circumstances of a port 

If the waLei be deep enough, and the surface of low water 
not much contracted, the motions of the high-water surface 
and of the low-water surface will be nearly equal, and the 
mean water will be at the constant heigbt of the level surface : 
this is the case at Liverpool, aa I have shown firom Captain 
Denham's observations in my TweUth Memoir on the Tides 
(in the Phil. Trans. 1840). 

if the surface of low water be much contracted, the Tolom 
of water subtracted from the mean state of the sea in or- 
der to make low water, will (in tlie interior of the port) be 
nearly equal to the volume added, m order to rnnkc high 
water; and as the liorizontal surface is smaller, thedepili \ull 
be greater: this is liic case at Plymouth; where, as i iiave 
shown in my Tenth Memoir, tlie motions of the low-water sur- 
face are greater than those of the high-water surface. 

If the inlet be a river, in which, b^ various causes, the tide* 
wave is gradually extinguished in its prosress upwardsi and 
in which, without the tMe^ the water would flow towards the 
sea, the high water will be most nearly a level surface, and 
the mean water line will slope towards the sea. This is the 
case in the river Thames, in which, as appenr^ by the re- 
searches of Messrs. Rennie, the surface ol high water is 
' nearly a level surface, while the low water surface slopes 
considernbiy. 

Finally, if in consequence of shallowness, or a bar, the water 
cannot run out to the level of low water in the sea, the heigbt 
of apparent low waierwill be const;!iil, and the anpan iii mean 
water will be charged with halt the changes of the high water 

|3earitig in mind these results, it wul be easy to reply 
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to Mr. Thomas's remarks* Mr. Thomas thinks that the 
lea Is probably kept above its average height at Axmouth, 
one of our stations, by the projection of Cape la Hogne into 
the English Channel. But trom what has been said, it must 
be plain that this circumstance cannot alter the mean height 
of the sea on either side of this supposed harrier. A chan- 
nel fifty miles wide, Ijetween Cape la Hogue and the Bill of 
Portland, is certainly eiiuugli Lo allow the water to assume its 
mean level, as delermiueU by the mean forces; especially 
when we consider that it has had an indefinite time allowed 
to do this in. Indeed^ we may satisfy ourselves that this con- 
traction of the surface is no valid reason for the mean suriaoe 
being higher on the eastern side^ if we recollect that it is just 
as valid a reason for the surface being lower on that side i 
since the contractbn prevents the water finding its level one 

way as much as tlie other. 

It is trne that a coniraction of a channel in some cases 
elevates hi<rh watery but this is precisely because high water is 
a case of fluid motion^ not of fluid equilibrium. We may ap- 
ply Lu such cases the principle of the conservation of vis viva^ 
Each particle of fluid can temporarily ascend to the height 
doe to its velocity ; and hence an increased vdocity» arising 
fronr a contracted channd» makes an increased temporary 
elevation possible* This consideration also explains the rapid 
changes in the amount of tide» which tajge place as we pro* 
eeed from one part of the sea to another. And hence we 
see how little we are justified in drawing any inference con- 
ccrniniT levels, from any facts of high or low water. The 
total tide on the coast ot Wexford and WicWlow is not more 
than three feet ; on the opposite coast ot Wales, (the sea be- 
ing very narrow,) it is between 20 and SO feet If the surface of 
low water were a level surface, as Mr. Thomas supposes, we 
should have the mean snrlace of one tide of this narrow sea 
constantly 10 ieet higher than the mean surfiuse of the other 
side; a result ^uite impossible: whereas a temporary elevi^ 
tioD or depression in one part of a fluid surface seven or eight 
times as great as in another part» is quite familiar to us» and 
offers no dlfBculty. 

In order to show that the mean surface of the sea is not 
constant, Mr. Thomas ictf i s to observations of his own, made 
at Falmouth, Bristol, and other places. I'pon these 1 would 
beg to remark, thnt he appears to me to c^nisider principally 
detached observations ; whereas we cannot hope to arrive 
at any satisfactory result, in any other way than by taking the 
meam of urie$ of observations. We know well that special 
cansesi some of them known and soine yet unreduced to mle^ 
perpetually affect particular ^h waters and low waters { and 
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32i The Rev. W. WUeweli on the mean Level <^ the Sea, 

therefore ofibct the mean waters as deduced from these. Thti% 
for instance, the diamal inequality at Bristol might make two 
snccessive high waters differ by four feet; and thus would 
make the height of mean water differ by two feet, according 
as the one or the other of these hiqh waters was coiTijiared 
with the intermediate low water. Add to such iiu (jualities 
those arising irom tlie varying pressure of the atmosphere, 
the wind, and the like, aiui we may easily conceive the pos- 
sibilitv of such deviuLions* liom cousUiucy in the haU-lide 
juai k as Mr. Thomas records. Yet these deviations do 
not prevent the mean of any fortni|^trs observations front 
being constant within a very few inches ; as it will be found 
to be at Ltverpooli Plymouthy and any other place sunihirly 
circumstanced. 

It will be observed^ that I allow that in a river the line of 
mean water slopes towards the sea ; but this condition doea 
not afiect either end of our level line ; and therefore I consi- 
der that the result which we obtained, namely, that the height 
of mean water is the same at its two extremities^ represents 
the general condition of the ocean. 

Mr. Thomas justly reinaiks, tiiat we have no autliority, in 
our upcrutions, for placing the mean water at I'l^uioutli and 
ai Axmouth at the same level, since our leveling did not ex- 
tend to Plymouth. Acoordin^lv, we hava not drawn any 
inference from thi^suppoied uwtity of mean level. The 
Plymouth observations were referred to» as is stated In the 
Reporty mei«ly in order to ascertain that there were no on* 
eatunated inequalities in the tides on that coast at the time 
of our observations* But if we have as yet no authority^ 
escept that of Uieory, for assuming the mean waters at Ply- 
mouth and Axmouth to coincide, Mr. Thomas has no au- 
thority, eitlier from theory or observation, for assuming tiie 
high waters to coincide. And all his other inferences from nij^h 
waters and iVoiii low uatersy respecting tiie ievei of the 
are equally gratuitous. 

For the reasons stated here and in the Report^ I consider 
it as certain, thai on all open coasts the heights of mean water 
form a level surfeoe. But I entirely i^gree with Mr, Thema% 
that an extension of thb levelinff operation to other points of 
the coast would be desirable. In the conclusion of my Bo> 
port, I have stated several other advantages, besides the coih 
firmation of the above doctrine, which would be placed with- 
in our reach by such an extended system of levels. It must, 
however, be obv/cjus to every one, that such nn operation, con- 
ducted with that care and exactness which alone could render 
it valuable, would be business of very serious trouble and ex- 

penset To have niiard^d one good cjyuDpie of such m opera* 
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tion in, 1 conceive, a merit which gives the British Associa- 
tion a just claim to the gratltudu of the scientific world. 
Trio. Coll., Cambridge, Oct. 2, 1840. 

XL VII, Observations on certain Peetdiariiies of farm in the 
Blood Corpuscks of the Mainmiferous Animals, By George 
GuLUVER, F,R,S.<i KZS,, Assistant Surgeon to the Boyal 
Regiment of Horse Guards* 

IN the course of an extensive series of observations I have 
had occasion to remark, that the red particles of the mam* 
miferous animals are singularly susceptible of change in size 
and form, as if from the effect of organic contractility:f. My 
atiention had long been directed to this subject, when it be- 
came still more interesting to me from the results of the ex- 
amination of the blood of certain deer. A notice of the sin- 
gular appearances assumed by the blood corpuscles of these 
animals was given in the Dublin Medical Press of December 
' I89 18S9, and in the Philosophical Magazine for Januaiy, 
1840; and more fully describee!, with an illustrative drawing, 
in a paper read before the Royal Society in February, 1840, 
and which forms part of the present communication. 

In that paper I expressed a doubt whether the remarlcable 
forms presented by the blood particles might not have re- 
sulted from changes in the ordinary blood discs ; for it was 
observed that the peculiar figures were more numerous after 
the blood had been allowed to stand for a short time, while 
they all disappeared and returned to the circular form when 
treated with a small quantity of water. In continuing my 
observations I soou had further reason to confirm this view, 
as I mentioned in a note on the subject written in the be- 

f inning of last March to Dr. Davy. In some specimens of 
lood which I had recendy obtained from the Mexican, 
Porcine, and Persian Deer, the peculiar corpuscles were by 
no means so numerous as on former occasions, and in some of 
the trials were seen but very sparingly, while in other instances 
■the singular particles were present as abundantly as ever. 
Hence it became important to ascertaui the conditions 

• Comnuuiicatcd by the Author. 

t Lond, and Kdiub, Phil. Mag. for Dec. 1839, and in the Numbers for 
January, February, March, and August, 1840. 

I Mr. Ancell, in his exc^ent ** Lacturei on Ihe Blood andl other Animal 
Fluids," mentions that Schultz describes the blood corpuscles as possessed 
of very remarkable organic contractiHty. See Lancet, ISHf), yi. 147 and 386. 
KuLii ami Mayer regarded the red particles as infusory annuals. 

I take this opportunity of expressing a hope that we may won have an 
Entihsh version of the intereiting pajicrs entitled, ** Unlersuchungen iiber 
die Structur ttnd Vernndt'rutwrn <trr L'hylm- Lymph- und BliUkorperchen^** 
by Dr. iieruun Nasse« and published in the valuable " UiUersuchungen 
mr Phyiioloffe und BalkUogie i** by Drs. Priedrich aad HeraMnNaue, 
swelter Baad, Heft 1 aad 
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Sis Mr. Gulliver on certain Peculiaritu'S nfforvi in the 

under which these particles were produced; and although 
tny researches have not bitlMrto proved perfecdy satisfactory 
iTi t!ii; respect, yet it appears to me that they afford evklence 
thai liie blood corpuscles have a contractility or irritability 
inb«ieni bi themselves, which may continue some time tAcr 
their removal from the body, anu enable them to assume 
permanently the very anomalous forut« which I have de- 
scribed and figureil. In some inatatKxs a large number 
the red graDul^«d pMrticJeg appeared to be pnMuced by the 
irregular shrinking of the smooth discs*, in others there was 
a maiiifesl contraction oi the particles v^hi!e under examina> 
tion in their own serum t> Aud the corpuscles were very 
quickly and remarkably modified in figure when eztrtTMBted 
and siibjectetl to contact with the neiglibouring tissues^, 
evincing the readiness with wliich the blood discs assume 
new forms, perhaps connected with the plestie force. It bai 
appeared to me also, that in some cases modifications in 
tlie shape ol* the blood duc« might be attributable in great 
measure to violent action of the heart produced by the f right 
ami struggles of the animal ; for when the blood was ob- 
tained without at nil alarming him die irregular corpuscles 
were not numerous, while tmae particles were aeeB Abvn* 
dantly in blood which was taken when the deer wee CM^ 
fined, and made every eflbrt to struggle and get loose, so 
that the circulation became greatly accelerated. In the 
MuD^c, a veiy shy and wild animal* the peculiar particles < 
were elweys Men m great nnmbm; but irom the moredodle 
Mexican, Porcine, and Persian Deer, a drop of blood could 
occasionally be obtained before the animal was aware of the 
operatiooi and in such cases the irregular shapes were ob* 
served but sparingly. 

However, although I am disppsed to think that in some 
ruminants, particularly in those just mentionedf the pecu> 
liarities in ine particles were more or less influenced by ilic 
State of the circulatioa; yet, iVoin the result ufa few trials un 
Other animals, it did not anpcar that fright or violent muscular 
exertion was always capaule of prMlucing the singular forms 
in question, although it seems to me that the previous ob- 
servations render it worthy of inauiry, how far the blood discs 
may be affected by tlie state of the circulation, or their con* 
traetility inflaencad through the medium of the nervons sy- 
stem. That the bluod particles do contract and assume 
various forms, is certain; but whether this be a vital or merelv 
a physical phninomenon, is a subject of much Interest, and wdl 
deservint' < 1 1 n w researches. There appears lo me to be some 
good grounds lor behevin^ that the blood corpuscles do pos- 
sess an inherent power ofoootrwtOilf . 

• Sec LotuL sad Edinb. Phi). Mag. ftr FsbniCT, 18M. 

i Ibid. X Md. 

Digitized by Google 



J^ood Corpuides ^ ike Mammiftrcm Animab. 887 



The IbUuwing paper, alread)^ referred to, contains a de- 
scription and %ure of tbe pecaluur corpuscles befera iiicii- 
tioned* I have smce seen similar forms m the blood of some 
other animals; and recently in one of tbe carnivora {Qenetia 
^rina) I observed the crescentic, spear-sbapedf and sigmoid 
partides in great numbers. The animal was so difficult to 
secure, that its circulation must have been much excited before 
the blood was obtained. In a second trial, when the blood of 
this genet was examined immedifitely, tbe peculiar corpuscles 
were not abundnnt, althoufrli in t he course ot'n few hours tiiere 
were scarcely any other })ai iic]L's to be observed, and the forms 
shown in the wood-cut reniuiiied until nuirelaction began. 

It will be seen from the figure, that the appearance of many 
of these corpuscles is very similar to that of tbe elongated 
cells represented by Schwann as concerned in the growth cf 
certain tissues. Dr. Martin Barry has lately noticed that the 
blood corpuscles in certain cases undergo rapid changes ; and 
be announces that the muscular tissue, and the cells of the 
chorion, are formed from the corpuscles of the blood*. The 
pus globules, which hnve recently been regariied ns organic 
cells, luive been frequently consideretl in this counlry as trans- 
formed \)\uod discs, and on the continent M. Gendrin an- 
nounced ilial lie had ticluuiiy seen the blood corpuscle 
changed into the pus globule f. 



Observations on the Blood Corpuscles of certain Species (>f tJie 
Genus Cerviis. Bij George Gitlmver, F.R.S,, AssiUunt 
Surgeon to the lioijal Regimefit of' Horse Gmrnls. 

(Read before iliu Royal Society, Feb. U, lb40.) 

The blood corpuscles hitherto described in the vertebrate 
animals, have either a circular or an elliptical form. Till the 
late discovery by M. Mandl, of the latter shape in the parti- 
ticles of the Dromedary and Alpaca, and my more recent 
observation of the same form in the Vicugna and (imanaco^, 
the blood discs were supposed to be circular in all the niain- 
malia» and the oval corpuscles to be confined to the lower di- 
visions of the vertebrate animals. 

I have now to describe some peculiar forms of the blood 
corpusclci which I believe have not hitherto been observed 

• Proc. Royal Society, May 7, 1840. 

f See my Researches on Snpmimtion, Phil. Mag., Sept. 1838; on the 
Softening of Fibrinc, Med. Ch. Trans. V. xxii.; OD nis» London Medical 
Gazette 1H39— 1H40, pp. 201 anil 415. 

iSce Dublin Medical Press, Nov. 27, 1839. My paper on the Blood 
Pkis particles of the CmnHidee, iust published in the twenty-third 
volume or the *' Transactions of the Koyal Medical and Chiriil|^ical So- 
detjr," wai read before that Society^ Nov. 26, 1838. 
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in any class of animals. These corpuscles I have examined 
particularly in the Muntjac, Porcine, and Mexican Deer. 

I observed in the blood of these animals a larffe quantity of 
cretcenlic or lunated particles, besides a lew cf the coromon 
circular fiffure. The former are very remarkable from their 
mat number and distinct shape; they are acately pointed at 
3ie ends, gibbous in the middle, with* a convex and concave 
mnrp^in; or being without the concavity, they merely present 
the Bgure of the segment of a circle. 

But there are other forms equally sin<Tular : frequently they 
are not curved, but straight, and gibbous at the sides — lanceo- 
late, to use a botanical term ; occasionally they are obtuse at 
one end, something like a Qomina in sliape ; or, tVoin an acute 
projection of the convex part, approaching to atriangular figure. 
I have seen them also nearly square, and not ancommonly 
with elongation of the angles and concavity of die margins, 
the tatter pecoliariues being also sometimes observabw in 
the truingular particles. Finally, they may present a sigmoid 
figure, as if from twisting of the ends of the lanceolate rorms* 

Like the common blood discs, these peculiar corpuscles 
are easily deprived of their colouring matter and rendered in- 
visible by water ; but if only a very small quantity of this fliiid 
be added to them, they quickly swell out and nssnme an oval 
or circular figure, forming, by the approximation of their 
edges, long bead-like strings, "^hen treated w itli saline solu- 
tions, the obiojig particles become rather smaller, but preserve 
their figure tolerably well. 

These singidar particles constitute the greater number of 
those present in the serum, particularly if the blood be kept 
three or four hours after having been taken from the anlnMu; 
and the forms are often well preserved in cool weather for 
nearly a week; in perfectly recent blood they seem to be rather 
less numerous, although in a short time all the shapes may be 
recognized abundantly*. 

If these singular corpuscles are merely the result of changes 
of form in the circitlnr d!«;c?, such transformnlions would 
appear to be altogetlicr per uiiar, and at variance with all our 
previous knowledge ot the blood corpuscles of the mammalia. 

The first Impression will probably be that some of the 
forms 1 havt: tlebCJibed are those which may be piestntecl by 
different views of the circular discs as they revolve on their 
axes. Hence it may be necessary to observe, that the cres- 
centic corpuscles are sometimes seen to turn over in the field 

• The blood was constantly examined as soon as po&sibie after it was 
taken from the animal—often within twenty minutes, and always in 
leas than an hour; and in every case directly the blood flowed througli 
the wound specimens wore (fripti instantaneously on glass, with the pre- 
cautions mentioned iu oiy paper in the Phil. Mag. for Feb. 1840. 
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of virioDt and dial tlie lanoeolate partidet often ao imdve. 
Betkleg, their length mneh esGceeos the diameter of the cir- 
cahv ^aoat the extremities of the obkag corptiactes are 
acutely pointed, and their Smn and appearance it altogether 
remarkably distinct and peculiar. FiiiaUy» 1 have preserved 
dried specimens, which I shall be happy to show to aoy gen* 
tleman who may fee! nn interest in the subject; nnd as tlie 
animnls nre alive in the collection of the Zoological Society, 
no difhciiltv is likely to remain in the way ol inquiry into the 
&cts recorded in this paper. 

For the accoinpiuiying drawing (see wood-cni) 1 am in- 
ilebled to my tiitiid Mr. John Dalryiuple, who executed it 
l i om two portions of blood which I sent to him £br the pur- 
pose; one being dried on glass, and the other preserved in a 
weak eolation or common salt The Urger group represents 
the corpnsdes as he saw them with a deep achroinatic object- 
glass adantad Co a compound mierosoope. The smaller map 
eadbibits tne most remarkable forms of the corpnscfes selected 
and coaipared together. 



blood was ezammed. 

1. Reeves's Muntjac Deer [Ccrvus Reevcsii). The circular 
discs l-7200th to 1-noOOth of an inch in diameter; the ol>- 
long particles from l-4000th to l-2666th of nn inch in length, 
and 1 -1?, 000th to l-8000tli in breadth, at the gibbous pnrt. 
Lxaniincd in the recent state, also in urine, in a weak soliiiioii , 
of muriate <j1 soda, and dried on glass. In the fresh speci- 
mens, tlic spear-shaped, luuaitd, and common circular cor- 
puscles often secii turning over in the field of vision. There 
appeal td lu be a very great variety in the form of the cor- 
puscles ; for besides those already oescribedf there were many 
oval and egg-shaped, and even triangular ar square partidei^ 
the two latter indeed not so aoearaldy defined as the former. 
All these figures nwy be seen in the ooipusdea of the Me»> 
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can and Hog Deer, but not so naoaerQOsly m in this apedmen 
of blood from the Maniac. It was obtauifld from a vaio of 
the ear; the animal a male^ nearlj fiill«growD» and bred is 
the Zoological Gaidens^ where its parents diedt and are |ire- I 

served in the museum of the Society. 

Mexican Deer (Cenm Mueicama). Cireolar oorposcle s 

not so numerous as some very singular oblong particles, 
similar to tliose seen in the blood of the Muntjac. The 
circulni corpuscle'^ qeTierally aijout l»6000th of an inch in 
diameter ; the oblong corpuscles l-3200th to l-24()(itli of an 
inch in length, and 1 -J 2,000th to l-8U00th in breiulih, at their 
gibbous part. In this silualioii a few of them are as large as 
Uie circular discs. The blood examined was obtained iroiu 
a vein of the ear of a ftmale, apparently foU-grown. The 
observation was the same whether madeon the reesot or dried 
blood* The veins m the ear of the animal are nimerons and 
very apparent FVom another bleeding a week after the fiiit» 
the tame result obtained. j 

3. Hog Deer {Cervusporcinus^ albino viur.). In some blood 
obtained from a prick of the upper lip, the corpuscles were 
found to be similar in size and shape to those described \n the 
Muntjac and Mexican Deer, except that some of ttie circular 
discs appeared a little larger, and they were generally as nu- 
merous as the singular obTong corpuscles. For a second trial, 
some blood was obtiiined froiu an incision of the ear, about a 
fortnight afler the first bleeding, and the former result con* 
Brmeo. The animal was a male, apparently full-^rown. 

In conclusion^ it may be remarked toat the peculiar particles 
now described, so singularly variable and anomalous and 
susceptible of such remarkable mutations in their fi^ure^ ai^ 
ford a very interesting subject for further inquiryy which may 
probably illustrate the physiology of the blood corpuscles. At 
present so little is known respecting these curious bodies, and 
so much is to be expected from future research, that we i 
know not what degi LL oi Hn{)ortance may belong to then), al- 
though tlicre is reason to believe that the discovery of their use 
and nicibud oi iurmaiiou would be of great value to science. 

An Appendix to the " Ob$eroaUom on the Blood Corpuscles qf 
ceriain Species ike Gam Gervus/' By Obobgk Ouixi- 

(Read belbre the ftopX Society, Feb. 6, 1840i) 

Since I had the honour of transmitting my oommunicatbn 
to the Boyal Sode^ on the Blood Corpuscles of certain 
spades of the genus Cervus," I have had an oppoitunit^ of 
ezamining some blood obtained from a deer lately leoetved 
at the iZooiogical Onrdens from the Penastt monntains. lam 
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not ftware that the species of this animal has yet been deter- 
mined, or indeed whether it has ever been described. It is 
about as large as a full-grown follow deer» 

The blood was procured from a puncture in the upper Up 
of a female, under circumstances very favourable for the pre- 
servation of the size and figure of the corpuscles ; they were 
quickly dried on slips of glass, and submitted to observation 
with as little delay as possible. 

The greater part of the blood corpuscles presented the 
usual circular sliape, althou<ifh often irregularly triangular, 
quadrangular, or polygonal ; and there were many of the sin- 
gular forms described in the Muntjac, Porcine, and Mexican 
Deer. The latter particles corresponded very nearly in size 
with the measurements already given ; the former were rather 
larger, having an average diameter of 1 -5066th of an inch, 
the small and large discs measuring respectively 1 -6000th and 
1 -4000th of an inch. 

Although 1 would not venture to communicate to the So- 
ciety any account of the blood corpuscles from a single ob- 
servation, yet it appears to me that the present one may be 
considered as an addition to those which 1 have already niade, 
with as much care as i cuuld, concemmg the blood of Uie 
other species ot deer. 

Whether the peculiar corpuscles exist in the circulation of 
the animals, or may be the eifect merely of changes in the 
form of the circular discs immediate! v amr their abstraction 
from the vessels^ is a suloject for further and special inquiry, 
and one which may tend to throw some light on the nature 
of the l)Iood corpuscles. But whatever may be the result, the 
facts will hardly be less singular and remarkable, and 1 am 
not aware that they have hitherto attracted the attention of 
physiologists, notwithstanding the minute examination to 
which the blood, par tides of difierent animals have lately been 
subjected. 



XLVIII. On tome Combinations of Arsenic loith Cobalt, 
Thbodore SchebreEi ofia William Francis*. 

nPHE combinations which we have to describe in the pre- 
^ sent paper, were formed in the course of a smelting pro- 
cess which was introduced some years since by Inspector 
Roscher, into the smalt- works at Modum in Norway. The 
object of this process is to deprive the prepared and roasted 
cobalt ores of a great part of their iron and arsenic by smelt- 
in^r, in order to obtain higher and purer kinds of smalt from 
them. 

Firzt Combuiation, — Thib forms long fascicular conglo- 
• Communicated Scorn Berlin by tlie Authors. 
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rnerated crystals, terminated at the extremities by an oblique 
plane. Its dull surface, arising from a film of i>xi<ii\ to- 
gether with the fascicular arrangement, does not allow of a 
more accLii ate crystal lograpbical determination ; it is pro- 
bable that they belong to toe monO'dinietric system* oonie 
of the crystelsy or rather of the buodles of emtab» were 
above two inches long, and about two Itnea in thidcneBS. The 
analysis was performed in the mode usually employed for the 
arsenic metals. Cobalt and iron were separated from each 
other by approximate neutralization of the sulphate solutkms 
of the two metals, by dilution and then boiling thenu 
The reNilt of the anaiysi& was 

Sidphur •••• 0*16 

Arsenic... 36*02 

Cobalt 53* 7 1 

Iron 10-05 

Copper 0*86—100^ 

The peniodde of iron heie obtained was found before the 
blow- pipe to be perlecdy fiee fiom oxide of eobalt; the oxide 
of cobalty however, contained a slight trace of iron, which 
was separated by disserving the oxiSs in h^diodiloric add^ 
and precipitating with an excess of ammonuu It may have 
amounted, at the utmost, to a few milligrammes. 

To be certain that these crystals contained no admixture 
of foreign substance?, hut were a pure chciuical combina^ 
tion, the following experiments were made with other por- 
tions of them. In the first place, the amount of arsenic, the 
accunite determination of which was most essential, was 
ascertained in two other addilioual ca^eb, and found tu be a& 
follows:— 

Is^ B6*4 1 per cent. 
Sndy 85-S4 — 

approximating, therefore, to the quantity first found} 96*03. 

The smn of the oxide of cobalt and peroxide of iron, whicli 
in the first analysis had amounted to 3*061 grammes^ wasp 

in a second examination, for which a quantity differing from 

tlie first only by 0*005 was employed, equal to 2*067 grammes. 
In both experiments the oxides were kept at a red heat in 
an open platinum crucible, until they no longer increased in 
weight*. Lastly, the quantity of cobalt was again deter- 
mined by a second trial, and iound to be 5i'90; whereas 
the first gave it 53*71. The dilTerences occurring between 
these several results are certainly not such as to give rise to 

* When n larger quantity of the peroxide of iron h hrntctl with a smaller 
quantity ut the oxide of cobalt iur a short time in a dui>C(i platina crucible, 
the latter scarcely hccouies more highly oxidized* and in analyses not 
requiring catraae aeniney it Bugr w adnitted that ao nipecoiids it 
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toy doubt as to the homogeneity and purity of this comhina* 
tkniv If, therefore, it be admitted that the above-mentioned 

quantitative composition nfTords a perfect symbol of the nature 
of the cnmbinatioii, then the atomic relatloa of arseaic tO the 
Other metob would be as the numbers 

7-74?: 17-76, 

that is, if it be assumed that the very slight quauLity of sul- 
phur occupies the place ui a portion of the arsenic, and that 
copper, cobalt and iroii ara here isomorphous. That this 
actually is the case, will jerv clearly appear froni the experi^ 
menu subsequently detaikd. 

Second ComdfuUion, — This is crystallised in lai^ lamfnaB 
of metallic lustre, which for the greater part are so rooted in 
the niasSf that it was not possible to determine from the ter- 
mination of the laminas the crystallographic sptem to which 
they belong. Frequently severn! such lammcc are siiper- 

Eosed one upon the other, and project with dull supertities 
eyond the surface ot the rest of the metal. They have then 
an appearance quite similar to that of the above-described 
combination. The analvbi^ was performed liitlcicnily bum 
the former, inasmuch as the cobalt and iron were separated 
from each other by the succinate of ammonia. 
Hie resolt was as follows 

Sulphur 0*£0 

Arsenic S5'S0 

Cobalt 81*35 



Iron*. 231^ 

Copper 8-90 99* 10. 

The peroxide of iron separated by succinati; of ammonia 
evinced, indeed, before the Dlow-i)ipe the action o! cobalt, but 
in so slight a tiegree that it sectm il of no iuipui tancc. The 
oxide of cobalt, however, on being dissolved in muriatic acid, 
and ticated with annnonia ni excess, left beiiind 0*033 gram, 
of the peroxide of iron ; the quantity of which, however, was 
of course increased by some oxide of cobalt precipitated 
with it*. 

• More acourate results, as to the application of nicc&uile of aanaonia 

for the separation of cobalt from iron, are, ns far ns my experienoo 
goes, extremely difficult to obtain. If it be attempted more perfectly to 
aeotnliie t)ie Hiiid pranootly to th« adcfitioii of the tacdnate of ammonia 
tiie peroxide of iron majr Terytikelj prore to contain sonewbat too mueh 

cobah. The method that T have recommended tor thesepamtmn of these 
two metals, it is true, has also its difficulties^ however, in most ca&e^ 1 hare 
had better aBceett with it, and scarcely erer wone^ tlira with racdoate ef 

ammonia. At the same time this very great advantage should be €0n« 
sidered, that the "^ohition contninir^ rn!in!t, filtered from the iron, cnn 
be immediately tlirown dvwa witli poto&li ; whiie« in the M^paratioo by 
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If we calculate the atomic relation for this combioation in 
the same manner as for the former, we obtain 

7-74 : 17-74, 

therdbre exactly coinciding with that of the first combinm- 
tion* From the above-mentioned composition of the latter, 
it appeared probable that the small qaanti^ of sulphur in it 
was combined with the likewise only small quantity of copper 
forming the sulphurct of copper ; nnd that this w-is merely 
mechanically nuxed with the remainder of the combination. 
This seemed to be the more admissible, as small quantities 
of the sulphuret of copper often collect as slag (speise) on 
the floor of the ^malt-ovens at Modum*. Tlie analysis of 
the secoiid combination proves, however, that copper and 
sulphur do not stand in any relation, for here the Quantity of 
the first is increased to 8*90 per cent} while that or the latter 
amounts merely to 0*50 per cent 

With respeet to the formula for the two combinationsy it 
must turn out to be the same for botb> as the atomic rela* 
Uons 7.74 J 17.75 

and 7*74 t 17*74 
approach so very near to each other* It is almost perfectly 
comcidentwith the composition ascertained, if we aaopt it at 

CoM 
Fe^ I. As» 

Ctt'J 

means of succinate of aipmonia, the oxide of cobalt i« obtained diliolved 
in an ammooiacal f1ui«i, from which it has to be precipitated by suipharet 

of ammrnitim 'f fif filtrtiti '^n nf the sulphuret of cobalt is, however, as 
w well known, one of the least pleasant 0|)erationx of analytic chemistry. 
That the separatiou by my method sometitnea proves unsaceaiifUl, arises, 
perbapa, not 10 much from the point of neutralization not beiog closely 
en iti-h attaincff, but rather, 1st, from tlie {iilntion after snfi:rntion not l>cing 
carried far enough; or, 2ndly, from the solution not bcin^ sufficiently 
stirred during saturation upon the addition of each fresh portion of caustfc 
pOCaib; or, 3rdly, from a potash being employed containing carbonic acid, 
tbuf causing the fluid (from the carbonic acid dissolved therein) to act 
acidly, even when the point of neutralization has been already exceeded. 
Care must also be taken, that on the stirring round, no flocks of the oxide 
of cobalt, which arc precipitated at the firtt moment upon the addition of 
the caustic potash, but soon redissolved, adhere to the tnnrcin of the 
porcelain basin, and, drying upon it, e«;c3pe solution. These, indeed, are 
all circumstances which roust be attended to, and which occasion some 
difficulty in the employment of my method ; but which are easily over- 
come by some practice. Whenever we shall be able to determine in ana- 
lytic chemistry all bodies as easily and strictly as harytcs and sulphuric 
acid, then, indeed, such methods of separation as that just described will 
become supcrflu(mt.»ScH. 
* l^ickel tli^ {NiM»pa»e) dost not occur here st «U»— Scat 
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in which caw the atomic rdation should be as 

7* 7* : 18-06. 

Such a numerical relation ajipears at first sight} it is true, 
somewhat uu usual. 1 he ioi tuula 

Con 

Fe^ ^As« 

Cu^ J 

would, perhnps, lie more probable j however, the atomic rela« 
tion corresponding to it^ viz. 

7-74 : 19'35 

differs still more from the ascertained result. 

There sonietinies occurs a third kind of crystallized arse- 
nical cobalt in tiic smelting processes at Modum. It forms 
dendrites of a kind ijuite similar to those of spcibs-cobalt, or 
such uii are obtained as pure copper in the [aussaigei'ung] of 
ffufi-metal*. This, therefore, would prove that its crystal- 
line form would belong to the regular system. An analysis 
which was made about seven years since gave approximately 
the formula 



Fe» 
Ctt* 



As 



Con 




rcon 


Fe^ 


» S + 8^ 


Fe^ y 




Lcu^ J 



> Att 



since beside 1 4 per cent, of arsenic, it contained 3 per cent, 
of sulphur. The copper amounted to 7*86 per cent. How- 
ever, xho. iron nnd cobult were separated in a defective 
manner, whence tlie former contained a considernhle ninount of 
cobalt. The analysis needs therefore icpLhtion; although, 
since iron and cobalt do not diti'er much in iheu* atomic values, 
scarcely any essential change in the formula might ensue. 



XLIX. Mxamination of a cjyftt alii zed Nickel Ore* 3y 
William Fhancis, J.L.S.f 

THE combination which is tlie subject of the present paper, 
altiiough consisting mainly of arsenic ruid nickei, yet has 
to be distinguished from the kind of nickei ore analysed some 
time since by Professor \\ Dhler. Whilst the latter is crystal- 

* I obtained of Dr. Marrlinnd, who is at present cniiascd in very inter- 
esting experiments on alloys ibr fire arms, n piece of dendritic copper 
bearing very great resemblance to the native. — Sck. 

f Communicated from Berlin by ihn Author, 
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lized in octahcdions, and is deposited from the smalt fur- 
naces ; the fcrnier is crystallized in large lamina;, very similar 
to tiie second cobalt ore described in the preceding Article, 
and is evidently the product of a furiiier piocess oi purlfica- 
tion: nor was it obtained directly from a smaIt-work» but 
from the Oennan silver manufactory of Bfr. Hemiuer in 
Berlin. This process of purification seems to resembfe that 
whlcii is practised et Modum with the cobalt ores* 

The analysis was parfimned in the labomtory of Professor 
Hmry Rose; end the course pursued quite similar to that 
employed for combinations of arsenic* The nickel and iron, 
however, were not sepnrfited hy snccinnfe of ammonin, but 
deiermincd according to Dr. Scheerer's method. The result 
of the analysis was 

buipliur 1*01 

Arsenic ............ 34*07 

^1 ickcl ............ .. o 2, ^3 

Cobalt S-28 

Iron 10*06 101*00. 

The peroxide of iron obtained was agun dissolved in hy- 
drocblorie odd, and predpitated by ammonia in excess. Sul- 
phuret of ammonium produced no perceptible alteration in 
tlie filtered ammoniacal fluid* From the obtained oxide of 
nickel, however, 0 009 grammes of nickeliferous peroxide of 
iron were separated by solution nnd the addition of ammonia : 
which (Quantity had not been separated by the above method. 

In this separation, therefore. Dr. Scheerer's iiieihod gave 
a better result than that with succinate of ammonia in tlie 
analysis of the cobalt ore dcscribetl in the preceding Article. 

If it be admitted LliaL die blight tjuantity oi aulpliur takes 
tlie place of a part of the arsenic» the atomic weight of the ar- 
senic is to that of the other metak as 

7-74 : 18'10, 

therefore^ exactly as in the combuiatioos detailed In the pre- 
ceding Article* Tlie formula Ibr this nickel ore would ao> 
cordingly likewise be 

Nin 

Co' ^A^ 
Fe'J 

In this case the atomicp roportion should be 

7-71- : 18-06, 

coinciding, tlierefore, very nearly with that given by the ana- 
lysis. 1^ on the oUier hand, the formula 



N 

Co i^As* 
Fe'^ J 
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were adopted» the proportion 

7-74 : 19-35 

would difier mure ironi the result of the analysis. According 
to the first supposition, the combination, in 100 parts, should 
consist, admitting only nickel and arsenic as essential consti- 
tuents, of 

Arsenic 35*85 

Nickel 64*75 

and with thb the analysis agrees exceedingly welL According 
to the second formula (Ni* A3*}> on the contrary^ the compo- 
sition sliouid be 

Arsenic 33*69 

Nickel G6'31, 

Now, whichever formula may be coiibidered as most cor- 
rect, thus much is certain, that the combinations described in 
the preceding Paper, and iq this, are by no means composed 
according to simple 'relations, as 1 : 2, or 8 : 3; nor will this 
appear at all eztraordinarv, in a metal such as arsenic, which 
forms an acid consisting of two atoms of radical and five atoms 
of oxygen. It is, indeed, (questionable whether the formula Ni? 
As% laid claim to by Prof. Wdhler for the nickel ore analysed 
by him, does not likewise possess an atomic relation similar 
to that of the combinations here treated of. 

Now the [)roportion 2:3, 3:5 approach one another veiy 
nearly, as the following calculation shows 

Ni' As* Ni» Ar» 

Nickel 5 1.- 15 56*75 

Arsenic... 4 585 

Professor Wohler, iiowever, found the composition to be 

Nickel 55 

Arsenic ..... 4- 1, 
approaching, therefore, nearer to the formula Ni* As^ than 
to Ni^ As^ It is therefore very {n obable that the number 5 also 
occurs in the atomic relation ul tlie constituents in this combi- - 
lion ; and there would then have been found on the whcde the 
following proportions between cobalt (or nickel) and arsenic ; 
Third cobsJt-combination Co^ As (?) 

First and second do. as like- / Co* 1 * « f^^\ AoS 
wise puriaed nickel ore \Ni*/^^ '^'^»\Ni'/^*^ 

Common nickel ore Ni' As*. 

The middle combination will, according to theory, be r»* 
garded as fiur more probably Co* As*; although the results of 
tile analyses bring it nearer to the formnla Co^ As*. 

PhiL Mag, S. 3. Vol. 17. No. 111. Nw. 1840. Z 
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Jm On the Variation the Semi-axis Mqjor of the Moon's Orbit* 
By John William Lubbock, ^9., Treas, U.S. F.R.A^S. and 
F.£fS,9 Vice'CAmncelior the Ihiversi^ qf LwdoHt 4fe, 

pOISSON, iu bis M4moire sur U Mouomeni de la Lune autour de 
la Terre^ has considered tbe following theorem, that the expres- 
sion for tbe variation of the semi-axis major contains no argument 
of long period, accompanied by a multiple of m less than m*. In 
this paper he has taken into account the terms which arise from 
the second approximation, or that in which the sqnnres and pro- 
ducts of the quantilics ^ I Cy 8a>, 8y and lu may be neg- 
lected. It is evident that terms may arise in the next, and in^ 
deed in every succeeding apj)] oxinKition of the order m^^ which 
must be taken into account lu order to prove the propobiiion with 
sufficient generalitv* Thus the variation of the eccentricity con- 
tains terms multiplied by m, as of tbe argument 9} (2 r — S {) ; 
theses multiplied by others of the onJer m% give in l^* terms of the 

R d R 

order m^, and these multiplied by give in d t terms 

multiplied by which after integration become of the order n^; 
if the argument being of the kind under consideration, the divisor 
introduced by integration is of the order m*. It is true that Poisson 

refers to his Mi'moire sur la Variation des Constants arbitraires 
Mem, deT Academic, torn, i., for an extension to the third approxi- 
mation, that is, to terms depending upon the cube of llie disturbing 
force- In this paper, however, ex[)ressions are employ etl, which 
take for granted tliat the disturbiiig force can be cxhibued in the 
same form, developed in terms of the initial values of the coordi- 
nates X, 2r, and of the initial values of their first difierential co- 

efiicients jj^ ^9 ^« This development has never been exe- 
cuted, nor has it been shown to be possible. When this system of 
constants is employed, the quantities which are equivalent to [a» «], 
[a, e]y &e.9 become equal to unity and rigorously constant, so that 
it is unnecessary to consider the effect produced by their variation. 
Even, however, with the simplifications which recourse to this pe- 
culiar system of constnnts aflords, Poisson admits tluu this demon- 
stration would become too complicated to admit of its extension to 
the higher powers of the disturbing force. M. de Pontecouhmt has 
made objections to the proof given by Poisson, but as lie diileren- 
tiates* in a manner at variance witli that intended in tbe expressions 
of which Poisson makes use, and docs not aliade to the Memoir 
in question, in which a further approximation is attempt^, these 
objections are not to be considered as exactly identical with thoee 
of that distinguished astronomer. 
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la the Lunar Theory terms oi° the order at^, and of the nature of 
thoM iind«r eomidOTation, may arise not only in di« tfahd but in 
every sncccedinn; approximation, and hence it becomes absolutely 
Decetsary to seek some mode of proof which admits of unlimited 
extension, and I have therefore eixlenvoured to modify the proeif 
given by Poisson, so ns to includt; all terms of the order nt^, now- 
ever fur the approxiniatioii be pushed, and vviUiuut introducing 
■oy peculiar system of constants. 

rot this pinpoM it is Momnrj to rappoM the diaturbim Aiiio- 
tkmR 

and to define tl^ S a, £ r, &.C., to represent, not tlie total variation 
of the ouantities ^ a, r, r, Sec, m in Poisson's paper, but that por- 
tion onijr which consists of arguments correspotuling to those in- 
equalities which are not depressed by integration, as will be pre- 
sently e.xplulnej. Tlie cfToct of the secular inequalities of the con- 
stants c, 0 and a, and also that of all the other iaeqiulitiM of which 
the arguoMPte are independent of ^ ai« m ppoe ed to be alxcadj 
induded in the quantities 

As the constant c in Puissuu's notation always ai»:oiQpaui«$ n t, 
all the arguMMi In the developaitat of Jl maj be properly f«pn> 
eented bf an CKpNasioD of the form 

+c) +jmt + It + 

where i ar.d J nre whole numbers or zero, / n certain multiple of 
depending upon the !»eculur variation of the tuigluja c, co, a, and i3 a 

ntity rigorously constant, whieh aocompanies / but which I 
in future omit to write down. Whenever i = 0 without j be- 
coming = 0 at the same time, the corresponding ineauality in the 
expressions for the elliptic constants is necessarily a muUiple of m at 
least, and only when i epdV are both e^oel to aero theoarrespond- 
* ~ inequality in cacb of mse ezprewMiH may no kN^ar be muHr 



log mequa 
$kdfiy 



da » [e^ e] ^dl 4 [«» •] dl -f ate. 
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The qmotitict IwCiraeii bndcets nwy be oooiidcvad i 
fa ffirttppwwimitbn, and <ndi tto 

a] « - [a, [n^c] « . 

Similar theorems exist with respect to all the constants, and it k 
upon this property that the theorem in question may be aaid to de> 
pend. If a, y, c, o, «, have tbe eame significetioo m m P o hw afli 
(Jli&Mtrv dff fhumMt tom. xiu.) 



i:«^e]»o C^y]*o t*»r3-o 

[«^fl»]BO C^yl«*0 C%«]"Ot 

but these latter theorems do not appear to influence die] 
of which tlie proof b reqnhwd. 

In diftwntiating die dvtnrbiug funoddn with icgaid to ^ na » 
Seated in die exprankni 

daa — — 3 Cilt 

a » d c 

a being the seint«Axis major, i2 must be differentiated only with re- 
spect to c, inasmuch as it was eODlained in R primitively, and not 
as it is introduced in further approximations by the variation? of 
die elliptic elements. As, however, the secular variations and 
tboae nndtiplied fay m and a^i which I have alicady indnded in 



do tioteonlafai^iMri^ andaadieveibfectfdyoocnninlheqnanti* 

ti^ 

aa It waa Introdnoed primidvdy 

/d«7L'\„ {d'R\. ,/d«/?\j ./dVR\- 

tt^ ta, 8 &c., denoting here only that portion of tbe varialioM 
of i; a, e, &C., whidi consisti of periodical terms not indcpendflnt 
of if and therein mnlt^iUed by die aquam of » at laaaL 
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and it is sufficient to take 

da I /o /». \ 

_ 2-f ( — + / \ if + If 

L Vda dc fan \ tie* J an dc a n 

+ / ^ \ S a» / d*/Z \ Iy _^ / d*/Z \ £«1 
Vdwdf/ an \dydc/a« \d«dc/a«j" 

This equation is similar in appearance only to the equation (A) 
of Poisson, p. 259, for the quantities £ a, 8 c, iey &c., are here dif- 
ferently droned. 

I omit here all consideration of the terms 

because the proof which Poisson has given in his Memoire sur le 
Mouvcment de la Ltiney is completely satisfactory with reference to 
them. 

In the terms — , &c., it is necessary to consider the ra- 
a n o N 

riation of the quantities [a, cb], »], &c., and also that of the 
quantity 

d ^ _^do dM_ da _ _ d/g ^^ 
' a n~ na* na*" 2na*~ /tdc * 

d e contains the term 

which may be taken as a type of others ; 



i4S lir. Lnbbo«k0ii«itF«iMl0iief 

It mwt btt nooileeted that in dm eipnMion no tams nre indnded i 

in l« or y* [e^a] whkh are independent of e. | 

'^(^t}' ^ <1^<*^ iimited in the e»prc&Mon for ^ in 

p. $91^ contains any term 

><coa(*(if/ +c) + 

d » ooDtains the term 

[Oy«] A cos (i (nl + e) n f + ?n ; 

and considering nonr only the OOlMlaDt portion of \a, wjf I m con* 
tains the term 

Similarly, if ^^^^ contaiofi the term 

Bain (t {nt+c) +Jm» t + fni^ 
dtf oootafaii die tam 

[%«] Bain ii{»t + c) +Jmni + tni^ 
t« MtttaimdMieniB 

and diaae tatna ^Vi^ after irdl*kno«n radoetions, in ^ 

which is evidently of die order MS and B being eaeb of liieeiw 

der m*, and / of necessity not equal to zero. 

I now proceed to consider the effect of the vfuriatioD the qum« 
tilj 

[g»«] 

which may be taken as the type of other similar quantities. 
Let 



i 



Digitized by Google 



theSemi-^is Mqjor of the Moon's Ori/U. 84S 
= -4 cos 

DA 

Tm 
T\ A 

Let (^^^^Bm{i'ni+fmni'^9'nt) 
l^^l^^ - CiJ -l-/»n< 

+ =^sm(i"ni -^int-^-fmnt -Jmnt-^S^nt -Lnt) 

COB {r n t mni-\-l" n t ) 
Di3 COS {tf'ni^ i n I +/;m nt -jmnt + rnt -int\ 



Digitized by Google 



^44 Mr. Lubbock on ihe Variation ^ 

(^Tc) = ^''^ cos (i" nt +/ tant^r I" nt ). 

These terms give in ^ 

/ d*^\ >g d*g >o 

and tlierefore 




Kdede/n/ an 



and heiice ihe ioUowiiig leriiis : 

cos (t^'iif +/'Mtii<4-y«Q 

+ iL^Li? (# « f + y „ « / + if „ ^) 

COS (z" 71 1 — 171 I 771711 — j 771 71 t I" ?l f — I 71 t) 

+ iL^^ sin (iTi,/ +/»»^ + 

(i" + 1 +y'f» +j« + + /)» 

V+/m + f)fi 

- ^^^^^ cos + /win* + 

(i^ - i +/» + ^ -/)« 

SID (i^ nt + int -\-jmnt + / 

(i' + * + y m +Jm -i- 1' t)n ' 

The terms multiplied by C B which arise from the constant 
portion of [f, a>], have already been ooiindered> the rest Ibna four 



Digitized by Google 



the Smi-<uei$ M(yor of the MoouU Orbit* MS 

pufii of wluch the fbUowiiig is one^ and may ba takan as a tf pe of 
tbertit: 

DBA r 1 

sin (f 'n / +/ mnt-{-l' nt'-^if nt-{-int —j"mnt -{•jmnt-^Phtt-^'l nl). 

In order that this argument may be of the kind under oonsideraF 
Uon^ we most have 

/m —j"M +j m =5 0, 
and the term becomes in that ease 

DBA r 

if i IS not equal to zero, D is of the order m^f and the coefficient of 
nn — J" + after a fresh int^pratioo^ femains of the order 
ag<. IffsO 

the coefficient becomes 

4 » I («" +/w -J TO + r - /) -i-fnTfJm + P + 0 J 

f DBA {jm + r 4- 2/} 
* 4»{i" -tfm—Jm + /" — /) (t' +/ wi +^ w* + * 

bnt nnlessy s Ot D is multiplied by wh and in either ease, in con- 
sequence of the reductions which the nnmerator undergoes, the co- 
efficient after a fresh integration remains of the order m\ 

It remains now only to consider the terms of which the foUowiog 
is the type: 

/ d»JI \d /»r 1 /^^\ 

ViTdi; d7c/ t'»**»Hd^> 

bnt as in { are here only included terms of the oider m% 

Mm 
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ii of the order m% or at least sach portion of it as is supposed 

to be included in this expression; and as are each 

of the order m% this term is oF the oider m^p which after a 

fresh integration remains of the order m\ 

Hence we may conclude with safety, without having le* 

conrse to an}^ peculiar system of constants, or to any preca- 
rious induction, that however far the approximation he car- 
ried, the variation of the semi-axis major in the Lunar Tiieoi v 
contains no term of long period multiplied by a power oi m 
inferior to the tourth. 
Sept. 21, 1840. 



LL Some Obset-vations on the aqueous Solution of Carbonate 
of Mn<nirsia "joifh e.rccss of Carbonic Acid, and on the Salt 
which tt a fluids by spontaneous JJecomposition. Bjf JoHK 
Davy, RR.S* 

I HAVE been induced to institute some experiments on the 
solution of carbonate of magnesia in water strongly im- 
pregnated with carbonic arid gas, in cotiseqnence of the high 
repute, on very questionable grounds^ which it has lately ac- 
quired as a medicine. 

The soKition I have used is that prepared and sold by Mr. 
Dinnefoi d of New Bond-street, with the designation of Dinne- 
ford's Solution of Magnesia, and with the Ibllowing recom- 
mendatbn on the label: The great advantages of this elegant 
preparation are, that bein^ in a Jluid state and possessing all 
the properties of magnesia in general us^ it is not likely to 
form dangerous concretions in die bowels; it corrects acidity 
and heart*bum efiectuallVf without injuring the coats of the 
stomach, as carbonates of potash and soda are known to do; 
it prevents the food of infants turning sour, and in all casea 
it acts as a pleasing aperient^ parttcuUirly adapted for fi^ 

m.'de'^.** 

iSuch a recommendation I should not have thought it right 
to notice, were it an ordinary cjuack eulogy, and unsupported 
by certificates given by respectable medical men ; and more- 
over were 1 not assured thai great faith is placed by many 
persons in the asserted virtues of the preparation, and that 
the use of it is rapidly extending. 

The first trials I subjected the medicine to^ were made 
with a view to test the permanence of the solution ; as by ex- 

• CoaumwicBted Sir David Biewiler. 
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Carbonate of Magnesia with excess of Carbonic Acid, 347 

posure to the air in an open vessel) exposure to a tempera* 
•tura of 100° Fahrenheit) in a wiel loosely corked, and to the 
action of the air-pump under an exhausted receiver. 

The result \n encli instance wn? very similar; carbonic 
acid fras escaped, or was expelled, and a salt was deposited 
in die form oi minute prismatic crystals. 

This separation of the magnesia in a solid form, on the 
disengnt^<_ii:ient of the excess of carbonic acid, was no more 
than might iiave been expected from the known nature of 
the compound, and the artifidal manner in which it is form- 
ed by the condensation of the gaseous add ; and must be 
considered as quite faicompatible wjtb the declaration of its 
<* fluid state*' in the stomach and bowels, and sufficient 
ground to call in question the propriety of placing confidence 
m the preparadon as a medicinei in preftrence to common 
carbonate of magnesia or calcined magnesia, than either of 
which it is so much more costly an article. 

The prismatic salt deposited on the escape of the excess of 
carbonic acid, has been examined by seveial chemists: rest- 
ing chiefly on the results of the experiments of Bei zelms, 
and the late Dr. Henry, it has been considered as a hydrated 
carbonate of magnesia, composed of one pioportion ol mag- 
nesia, one of carbonic add* and three of water. 

From the euperiments which I hate made on it, it appears 
to be composed as follows; vt& 

S9'6l Magnesia. 

32-22 Carbonie acid. 

10*^7 Water expelled at 212° Fahrenheit. 

87*90 Water expelled by a higher temperature^ as 
by ignition. 

100*00 

or of one proportion and half of magnesia, and carbonic acid, 
one of water expelled at 212% and three proportions of 
water expelled by a higher temperature. Compared with the 
common carbonate of magnesia, from the results which I have 
obtained operating on the latter^ this appears to differ chiefly 
from the former in possessing half a proportion more <^ mag- 
nesia^ and one proportion less ^water, being composed of 

41*5S Magnesia. 

3S*SI Carbonic acid. 

17-47 Water expelled at 212°'. 
7'70 Water expelled at a higher temperature. 



100-00 

These results accord tolerably with those of other inquirers 
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who have examined this compouDcl ; the variatum or want of 
perfect accordance* probably chiefly depends on the degree 

of dryness of the preparation examined, or on the quantity 
of water retained in the powder admitting of expulsion at 
212°, which water being hygrometrical, at least in part, must 
vary with the degree oi dryness oi the atmosphere to which 

it is exposed. 

The method by which tlicsc two compounds of magnesia 
and carbonic acid were analysed was a bimple one, admiiung 
of considerable accuracy. 

The quantity of water expdiled at a tempemtore of 818^ 
was determined by exposure of an hour or more to the heat 
of a steam^bath; the quantitv of carbonic acid» by^ acting on 
the compoundsi very carefully weighed* by muriatic acidf 
saturatea with carbonic acid* over mercury in a graduated 
tube ; and the quantities of magnesia and of water expelled at 
a higher temperature than 212^ by the action of a red heat, 
continued for two or three hours, till no furtlier loss of weight 
was produced by a continuance of the high temperature. In 
estimating the proportion of carbonic acid, the calculation was 
made on the ground that iOO cubic inches of this gas weigh 
47*262 grains. 

A few words relative to the -properties of the first -men- 
tioned carbonate. Its tendency to crystallize is remarlcable : 
however ohtained, even when rapidly separated by the expul- 
sion of the excess of carbonic acid by heat» it has been de» 

posited in a crystalline form. This form is not obvious to the 
nalced eye ; but when the powder is examined by the micro- 
scope, each particle is found to be a distinct prismadc crystal. 

And the persistence of this form is no less remarkable; it is 

not destroyed by decomposition ; the powder after ignition, 
after the expulsion of the whole of the water and carbonic 
acid, under the microscope shows no alteration ; each particle 
is still prismatic^ and when moistened with water is trans- 
parent. 

It is asserted that this carbonate readily loses the water 
with which it Is combined. In a dry atmosphere it loses a 
portion of the water, which perhaps may be consUered as 
hygrometrical, and at the same time loses its transparency ; 
but 1 find, as has been already remarked, that a temperature 
of 212** expels only one portion, and that a high temperature 
is requisite to expel the three remaining proportions, and 
which are probably the strictly chemically combined water. 

It is also said that this compound is altered by the action 
of cold water, and by that oi boiling water ^ that in one 
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instance a solution of bicarbonate of magnesia is formed, and 
an insoluble carbonate containing a smaller proportion of car« 
bonic acid; and in the other, that the same insoluble snbcnr- 
bonate is prodncetl, hut without the solution of bicarbonate, 
the proportion of carbonic acid required for this being ex- 
pelled in the form of gas. The results of the trials I nave 
made have not confirmed either of tliesc conclusions. It has 
appeared to me to dissolve both in hot and in cold water, 
without undergoing any decomposition. I have not been able 
to obtain an insoluble snbcarbonate of magnesia by acting on 
the prismatic salt by cold water, or carbonic acid gas from it 
by boiling water, — ^for instance, boiling it in dtstillea water in a 
retort connected with a mercurial pneumatic apparatus. It 
is true, that when this carbonate is thrown into hot water, 
there Is a disenn^nnrpment of air, but the air is common nir me- 
chanically entangled, not Carbonic acid gas which had been 
chemically combined. 

Both the hot solution and the cold, on evaporation, yielded 
the prismatic compuund. 1000 n^i ains of water at the tempera- 
tore of appear capable of holding in solution about four 
grains; thus 386*6 grains of the solution of carbonate^ after th« 
excess of carbcmie acid gas had been expelled bv the atr-purop, 
afforded on spontaneous eyaporatlon 1*5 grain of crystalline 
salt. 

Whether this slight d^ee of solubiliw can be useful, con* 

sidering the qualities oi the com]>oun(f as a medicine, or 
whetlici- the crystalline spicular prismatic form which it as- 
sumes on separation of the excess of cm l)ouic acid by which 
the carbonate was brought into sokitiou can be injurious to 
the cuuts of the stomach, as a inecliaiiicai irritant, it is far 
from easy to determine ; the probability is, reasoning analo* 

Sically, tliat neither the one nor the other circumstance, me- 
icinally considered* b of much consequence. 

Port Pitt, Chatham, Oct. 1, 1840. 



LII. An Abstract of Professor Daniel I's Papers on the Electro- 
l/jsh of Seco?uIa?y Compounds^ in the Fhihiophical Tram^ 
actions for 1839 and 1B40. 
TT has been long known that when a saline solution is sub- 
^ jected to the action of a galvanic current, both the water 
and the salt that it contains are resolved into their constitu- 
ents; oxygen and the acid being evolved at the zincode, whilst 
hydrogen and the base appear at the olatinode. The orimary 
object of these researehes was the aetermination or the re- 
ktive proportidu of these deoompositioosy and their relation 
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to the amount oi electrolytic force in action, with a view to 
increase our knowledge of the constitution of saline bodies m 
general. 

For this purpose an apparatus was constructed iu the foU 
lowing manner, which Mr. Danieil calls the double dk- 
phraffm cell/' 

it consists of two cells fbmed of two ohus eyltndert, with 

collars at their lower ends, fitted by grin^Dg to a stout glast 
tube bent into the form of the letter and firmly fixed oa 
a wooden foot. The ends of this piece prc^t a little into 

the interior of the two cylinders, the upper extremities of 
whicli are furnished with beuL tubes for the collection of 
gases. A stout piece of platinum wire is ground to the upper 
part of each cell, to which an electrode of platinum or any 
oilici irietal can be screwed on the inside, as occasion may 
re^uiie : the v. ii c^ pass down upon the outside, and terminate 
in two mercury cups, by which connexion can be made, at 
pleasttre, with the battery. Each cell will hold about Mven 
cubic inches of liquid, and the connecting tube two iadiet. 
When the cell is charged, the connecting tube is filled with 
the liquid, and a piece of fitie bladder tied over each ends ao 
as perfectly to exclude the air. The bladden are firmly con- 
fined to their places by means of circular grooves ground 
round the ends of the irlass tube. The cylinders are then 
carefully fitted to their places, and filled with the proper 
quantities of the solutions to be acted upon, and after the 
operation their contents are easily decanted." The quaiuity 
of liquid in each cell during the experiment was about 3 
cubic inches. The power employed was that of a small con* 
atant battery of Mr. Danieirs eonstrucdonj containing tlur^ 
odls six inches in height, with tubes of porous earthenware^ 
charged in the ordinary manner. (See Phil Trana. for iha 
year 1886.) 

From this l)attery the current was made to pass through 
the apparatus just described, filled with a solution of the salt 
to he examined, say sulphate of soda. A common voltame- 
ter charged with dilute sulphuric acid, was also included in 
the circuit, so that the mixed gases evolved miijht be collected, 
in order to ascertain the exact amount ot ekctrolyUc tbrce 
re^div ill circulation. 

Tfie gas given off from each side from the double dia- 
phi ci^iu oelTwas also collectedy and the nnited bulk of the 
oxygen and hydrogen so evolved was Ibund to be exactly 
equal to the volume of the mixed gases ooIlecCed from ^ 
oommon voltameter. From numerous experiments itwas foundl 
that on decantiqg the ealine liguid firom each odl, and care* 
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fiilly Dtatralisiiiij^ with acid or «ik«li» as the case mlglit rt- 
quirey die quantity of salt decomposed was almost, if not ex* 

acdy, equivalent to the gas evolved. 

(Thus if U*8 cubic inches of oxygen had bee?i evolved from 
the zincode, and 23*6 cubic inches of hydrogen lioni ilie 
platiaode ftlje results of the decomposition of 4'J grains of 
water], by iieutralization it was iouiu! that the zincode cell 
contained about 20 grains of iree bul^jhuric acid, and the 
Blatinode 16 grains o? free soda» numbers which are equivA* 
leot to tha ouantity of water deoompoead \ meantime from 
the single vottametar 85*4 cubic inches of mixed gases [also 
the result of the dtconpositton of V5 grains of water J had 
been GoUacted). 

These experiments were repeated upon sulpktUe of potaas» 
phosphate of soda, sulphate oi ammonia , showing the analogy 
of ammonia widi metallic salts, and yiifratc of potass, with 
corresponding results. The determination of the quantity of 
alkali in the latter instiince was not possilil(% in^ iii;^^ to the 
forniaLiun oi'a (jiianliiy ol' aiJUiiuiiia at llic })hi uiujilc, from the 
reaction of the disengaged hydrogen upon die iiiU ic ucid uf 
the salt. 

The carhomUes were eaounined in ft similar manner with 
like results. Oxalate of ammonia yielded nothing but pure 
carbonic acid at the xincode, whilst hydrogen and ammonia 
appeared at the platinodd The reason of this is evident from 
the following formula i«— 

Qialieadl Osfbooieseid. 

C + SO) + O « 9(C 4- «0) 

the ecjuivalent of oxygen afforded by the electrolytic decom- 
position of the salt bemg just sufficient to convert one equlva- 
lent of oxalic acid into two equivalents of carbonic add. 

Stdpiicvinaie of potassa was decomposed also in equivalent 
proportionS|the acid and oxygen passmgto the zincode whence 
the gas escaped uncombined— hydrogen and potassa being as 
usual developed at tlie platinode. From the preceding ex- 
periments it appears, " that in the electrolysis of a solution 
of ft neuti'al salt in water a current which isju'^t sufficient to 
separntf single ecjuivalents of oxygen and hydiogcn from a 
. mixture of sulphuric acid and water, will separate single equi- 
valents ol oxygen ami liydrogen from the saline solution, while 
single equivalents of acid and alkali will make their appear* 
ance at the same time at the respective electrodes." 

These relations were found equalU' to hold fgnodf whether 
the oxygen was allowed to escaoe from the zmcode of the 
double diaphiagm cell, or whetner it was absorbed by an 
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electfode of copper^ or of me, as in tlie ordinary cdls of die 

battery. 

Further experiments showed that whenever dSute sul< 

phuric ncid is used, there is a transfer of acid towards the 
zincode, and the determination of the proportions in which 
such a transfer occurs led to some curious results, to which 
we imist presently revert. 

In order, however, to remove the ambiguity which might 
thus possibly be conceived to arise from the employment of 
dilute sulphuric acid as the measure of the electrolytic force, 
the following arrangement was substitnted for the ordinary 
voltameter: a green jglass tube (into the bottom of wbidi» as 
platinode, was welded^a weighed platinum wire) was filled with 
chloride of lead, maintain^ in a state of ibsion bj a spirit- 
lamp; the correspondinp^ zincode was formed of plumbago. 
At the termination of tne experiment the tube was broken, 
the wire and adhering button of lead weighed ; and the result 
slmwed tint " the same current which is jiist sufficient to re- 
solve an equivalent of chloride of lead, ^vhicli is a simple elec- 
trolyte unaffected by any associated comjui^ition, into its equi- 
valent ions, produces the apparent phffinoiuena of the resolu- 
tion of water into its elements ; and ai the same time of an 
equivalent of sulphate of soda into its proximate principles." 

Aqueous solutions of the dilorides were next tried* as the 
simple constitution of this class of salts promised to throw light 
upon the nature of the electrolysis of secondary compounds. 

A weighed plate of pure tin was made the zincode of the 
double cell, which was charged with a strong solution of 
chlorideof sodium»andatubeof fused chlorideoflead,as before^ 
included in the circuit ; not a bubble of gas appeared on the 
tin electrode, find no smell of chlorine was percejUible, but 
hydrogen in equivalent proportio]i to tlie quantity of tin dis- 
solved was given of!' at the platmode, and the cell contained 
an equivalent proportion of free soda. One equivalent of 
lead was reduced in the voltameter lube. 

Muriate of ammonia treated in the same way gave precisely 
similar results, proving it to be **an dectrolyle, whose simple 
anion was chlorine^ and compound eathion nitrogen with 4 
equivalents of hydrogen. Its electrolytic symbol, therefore, 
instead of being 

(CI + 11) + (N + 3 H), is Ci + (N + 4 H)." 
Strikingly confirming the hypothesis of Berzelius of the base 
(N + 4 H) called ammonium. 

In discussing the results of all these experiments, we must 
bear in mind the fundanieiUal principle, *' that the force which 

we have measured by its deiioite action at any one point of a 
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circuit cannot perform more than an equivalent proportion of 
work at anv other point oi the same circuit," — ** Tne sum of 
tiie ioices which held together any number oi ioiis iii u com- 
pound electrolyte, could, moreover, only have been equal to 
the force which held together the elements of a single eleo- 
troljrte, electrolyzed at £e same moment in one drcmt." 

In the electrolysis of the solution of sulphate of soda, and 
many of the other salts, water seemed to be electrolyzed ; at 
the same time acid and alkali appeared in equivalent propor- 
tion with tlie oxygen and hydroj^en ntthe respective electrodes." 
— ** We must conclude," from the abovc-njcntioncd principle, 
** that the only electi olyte which yielded was the sulpluilc of 
soda, the ions of wliicli, however, were not the acid and alkali 
of the salt, but an anion composed of an equivalent of sul- 
phur and four equivalents of oxygen and the metallic cathion 
sodinm ; from the former, sulphuric acid was formed at the 
anode by the secondary action and eyolution of one equiva- 
lent of oxygen ; and from the latter, soda at the cathode by the 
secondary action of the metal and the evolution of an equiva- 
lent of hydro^n." 

To avoid circumlocution (but only when speaking of elec- 
trolytic decomposition), Mr. Danieil proposes to adopt the 
word io?if nitroduccd by Dr. Faraday, as a general termina- 
tion to denote the componnds which in the electrolysis oi' a salt 
pass to the zincode, and that they should be specifically distin- 
guished by prefixing the name of the acid slightly modified. 



Sulphate of copper (S-}-30)+(Cu + O) = (S+40)-t-Cu. Oxysulphion 

of copper. 

Sulphate of 8oda (S+3 0)+ (Na + 0) s (S+4 O) -f Na. Oxv i ]| ]i.of 



Nitrate of potassa ( N + 5 O) + (Ka + O) = ( N + 6 O) + Ka. Oxynitrion 

of potassQ. 

Phos|>liateorMKla (P+3i 0)+(Na+0) = (P+3i 0)4-Na. Oxyphosph. 



The following experiments seem to remove all doubt that 
the view just sketched is correct ; they were» in fact^ su^^^ted 
to Prof, Danieil by the theory itselK 

A small glass bell, with an aperture at top, had its mouth 
closed by tying a piece of thin membrane over it. It was half 
filled with a dilute solution of caustic potassa, and suspended 
in a glass vessel containing a strong neutral solution of sul- 
phate of copper, below the surface of which it just dipped. 
A platinum electrode, connected with the last zmc roo of a 
large constant battery of twenty cells, was placed In the sol ution 
of potassa; and another, connected with the copper of the first 
cell, was placed in the sulphate of copper immediately imder 
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the diaphragm wiiich separated ihe two solutions. T)ie c\T* 
cuit conducted very i c;uiil\ , ;iiitl the action was very energetic* 
Hydrogen was giveu uii at the platijiode in a solution of 
potassa, and oxygen at the ziooode in the sulphate of copper. 
A flinall cjuantity of gas was also seen to rise from the surface 
of the diaphragm. In about ten minoles the lower surfiuoe 
of the membrane was found beautifully coated with metallic 
oopper, interspersed with oxide of copper of a black cdonr* 
and hvdrated <»cide of copper of a light blue. 

The explanation of these phenomena is obvious. In the 
experimental cell we have two elect rolytes separated by a 
membrane, through both of wl^icli the current must pass to 
complete its circuit. The sulpliale of copper is resolvetl into 
its comjiound anion, sulphuric acid -foxygen (oxysuipiiion), 
and its simple cathion copper: the oxygen of the formerescapes 
at the ziiicode, but the copper on its passage to the plaiinode 
is stopped at the surface of the second electrolyte* which for 
the present we may regard as water improved in its conduct- 
ing power by potassa* The metal here finds nothing 1^ 
combining with which it can complete its course^ but being 
forced to stop, yields up its charge to the hydrogen of the 
second electrolyte^ which passes on to the platinfM% and is 
evolved. 

" The corre*:pondinc!; oxvp^en stops also at the dinphrngm, 
giving up its chai «:e tiie anion of the sulphate ol c('j^[)er. 
The copper and oxygen thus meeting at the intei meciiate 
point, partly enter into conibinaiion,ttiid lorm the black oxide; 
but from the rapidity ol" the action, there is not linu lor the 
uhole lu combine, and a portion of tiie copper ) euiaiiib in liie 
metallic state, and a portion of the gaseous oxygen escapes. 
The precipitation of blue hvdrated oxide doubtless arose from 
the mixing of a small portion of the two solutions." 

Nitrate of silver, nitrate of lead, proto-sulphate of Iron, sul- 
phate of palladium, and proto-nitrate of mercury, were simi^ 
larly treated, and afforded analogous results, somewhat modi* 
fied by the nature of the metallic base. Sulphate of magnesia 
was subjected to the same process, in hopes of finding mag- 
nesium, but magnesia alone was deposited. 

The theory of ammonium, as proposed by Berzelius, and the 
hypothesis of Davy developing the general analogy of ail salts, 
whether derived from oxyacids or hydracids, may by this evi- 
dence, especially when taken in conjunction with the recent 
researches on the constitution of organic bodies, be considered 
as almost experimentally demonstrated*. 

The bisalts yield results which at first sight do not accord 

* See Ad itiunai Isote at the end of the |>reieot M umber aauoii^ Ui9 
IliiSsUsaioul Notim 

Digitized by Google 



' IBketrofyth qfSeemtdwy Con^itmmds. 

with the preceding deductions; a strong solution, for example, 
of pure crystallize (1 bisulphate of potassa was made, and its 
neutralizing j)ow( r carefully ascertained by tlie alkalimeter. 
Evapui atiun and i>/tiitioii with carbouate of ammonia gave the 
quantity of neutral sulphate yielded by a certain measure of the 
floltttioii* An equal measure waa Ihen placed in each arm of 
the double diaphragm ceil, itad the euneni p a w ed through 
till 70'8 cubic mcbes of mixed gas were eollected ; half the ao* 
latkma from the zincode and j^atinode were then separately 
neutralized, and half evaporated and ignited in the vapour of 
carbonate of ammonia. 

It was then found tliat the zincode had irnined 18 gamins ; 
the platinode lost 19 of free acid : of potassa the zincode 
had lost 9*9 grains, and the platinode gamed an equal quan- 
tity : iiiu.<i, tiiou^l) the solution conducted very well, not more 
than one-fifth ot an equivalent of the potassa was transferred to 
the platuiode, as compared with the hydrogen evolved, while 
half an equivalent of acid was transiened to the zincode when 
where a whole equivalent of oxjgen waa evolved. Mr* Dmiell 
remarks upon this experiment^-— 

I think we cannot hesitate to admit that, in this case, the 
current divided itself betwemi two electrolytes, and that a 
part was conducted bv the neutrnl sulphate of potassa, and a 
larger part by the sulphuric acic] and water. It is a well- 
known fact that the voltaic current will divide itsell between 
two oi more metallic conductors in inverse proportion to the 
resistance which each may offer to its course ; and that il doei 
not in such cases dioose fadofie die path of least re^tanoew 
I am not aware that such a division of a current between two 
electrolytes in the same solution has ever before been pointed 
oat, but analogy would lead me to expect it" These consi- 
derations enable ns to explain some apparent anomalies in the 
electrolysis of diluted sulphuric acid and alkaline solutions. 

When dihued snlphtiric arid wn? placed in the double 
diaphragm cell, and the current transmitted, some of the acid 
passed to the /incode ; but from numberless experiments it 
api^eared tliat this rjuantt'v scarcely ever exceeded the propor- 
tion of one-fourth ol an equivalent as compared with the hy- 
drogen evolved. Mr. Daniell thought possibly this might be 
owing to the acid being mechanically carried back to the 
platinode^ as in all cases there is a mechanical convection of 
the liquid from the sinoode to the platinode, and this is the 
greater in proportion to the inferiority of its conducting 
power. If, however, this deficiency of acid were owing to a 
mechanical re- transfer, mechanical means, such as increasing 
the number of diaphragms, would stop it; the proportion. 

9A9 
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however, was even under tlicsc cil cunistances still maintained. 
No difference was observed wlicihcr Uie oxygen was allowed 
CO «Miape as from a rfneode of platinum, or was absorbed bj 
copper or zinc ; ilie iiiffnls, of Course, being dissolved in pro- 
portion equivalent to the hydrogen dev^oped at the pla- 
tfaMide. Solution of potassa, bafyta, or strontia, similarly 
treated, exhibited a transfer of abontone^barUiof aa aqiii wh 
lent towards the platinode. 

These curious results are easily explained by supposing 
that the aolatioii is a mixture of two electrolytes ; with sul- 
phorie acid they ar« H + (S + 4 O), oxysulphion of hy«iro> 
gen (H + O) water; the current so divides itself that three 
equivalents of water are decomposed* and one equivalMit of 
oxysulphion of hydrogen. AiialO|pMU cba^geaoecor irith the 
alk'aline solutiom, tba attBaUiK iMtil pMiiiig as waal to dia 

platinode. 



LIIL On Magneto-electric Induction / is a Letter to M, Gay- 
Lnnae. By Michael Fasadat, D,CL^ RBA 

[Continued from p. 889, and concluded.] 

I REPRESENTED this state of things under a general 
feroit In the 6gures ij annexed to ib» memoir, which, as 
to the arrows, the designation of the parts, 8tc. &c, I have 
Dwle to correspond, as well as I could, with fie. 2. plate iii. 
of the Italian pnikMophers' memoir (plate iL). l proceed to 
show how it agrees with thr rrnlvidiometrical nnilts obtained 
by tlieni, and liow far with tlicir condtisions. 

With regard to the galvanometrical l«Mdt% my flgOK 
might be used instead of theira, without occasioning any dif- 
ference, and I have no reason to say that they are inexact. 
Kelatively to " one of those consequences," whicli arises from 
it the immediate inspection of the arrows which mark tlM 
cvrrenls in the two regions of the disCf** or from ai^ oilier 
attentive and experimental examination, we see that the cur- 
rents fj, n, % on entering, instead of being in a contrary direis 
tion to dkose urbieh ate m tba parts i t $, which noedc^ fol- 
low exactly the same direction ; that is, that as to the general 
movement near the pole tiiey go from above below, or from 
the circumference towards the centre, transversely to die Unas 
that the different parts describe in their course; and at a 

great distance (F. 92.) on each side of the pole they are in 
le contrary direction. In proportion to the nearness to the 

Eole of a part of the line described by a jioini, it is trn versed 
y a current, which coouueuces, and increases in miemity 
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until it reaches the shortest distaoce, or a little beyond, on 
account of time entering as an element into this e£fect. Afteiv 
wards» by reason of the increasing distance, the current di- 
minishes in intenttty without ever altering its direction rel»- 
tively to its proper course. It is only when it arrives at the 
parts most distant* at which the electricity excited is dis* 
charged, that a current is manifested in an opposiie dlrectioiit 
or in one more or less oblique. I apprehend that it is wholly 
useless to speak of the partial alterations in the direction of 
the currents through the parts that are the nearest to the 
centre, or to the circumference ; two or three curves that I 
have rudely traced will show in what directions these altera* 
tions take place. 

The seccmd consequence arising from the memoir of the 
. Italian philosophers is, that the direction of the currents 
upon the parts that enter is contrary to that of the producing 
currents ; (that is» of those that are considered as existing in 
the magnet) while on the other side the direction in the 
two systems is identical." This assertion is exactly contrary 
to the reality (F. 1 17*}* ^ figures 1. and 2. 1 have indicatea» 
by means of arrows, the direction of the currents in tlie mag- 
netic polo, which is the same ns the direction given by Messrs. 
Nobiii and Antenori in fig. 1. pi. iii. But my figure 2, as 
well as the indications of the galvanometer, shows evidently 
that the currents in the parts that enter 71, n, it, when they 
approach tlie magnet, pass tiirougli in the same direction as 
the current in this side of the pole of the magnet; and that 
the currents in the parts that recede 5, 5, follow a direc- 
tion contrary to those supposed to exist in the side of the 
magnetic pole from which they recede. 

1 may be mistaken, but it appears to me that Messrs. Nobiii 
and Antenori suppose that circular currents are excited in 
the part of the metal adjacent to the pole, in absolutely the 
same manner as those formed in the helix, when it is made to 
approach the magnet, and that when this part of the disc re- 
cedes, the circular currents are somehow reversed, as occurs 
in tiie helix during its recession Ironi the magnet. A passage 
in their first paper, and aiiotlicr at the end of page 284, ap- 
pear to imply that such is their opinion. This idea occurred 
to me above a year ago, but I soon saw from numerous ex- 
periments, some of wnich I have just referred to^ that it was 
by no means satis&ctory ; and when I had fully verified that 
the action of the helix in its approach to, and recession 
from the pole was wholly expkined (F. 48.) by the law as- 
signed (F* ^ forced to abandon my previous ideas. 

The memoir afbrwards proceeds (p. 888.) to explain the 
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pbaenoinena of Amgo's rmlvlng disc ; but as I have shown 
that the theory is in general based apon two concluBions eon- 
trary to truth, it is unnecessary to make a minute examiiift* 
tion of it. It is impossible for it to exhibit the phtenomena 
with exactitude. Those who are anxious for full satisfaction 
on the snhjecf, m:\y decide, by means of a few experinientSi 
whether the opinions which I put forth in the p^per which 
first announceil the discovury of these currcuLs be true, or 
whether the Italian philosophers were lusLiflcd in declaring 
that I was in error, and that they had publUhcd more just ideas 
on the subject* 

Everybody know* that when M. Arago pablished his 
markable discovery, he said the action of tne diso upon the 
magnet was resolvable into three forces: the fiiwt, perpen- 
dicular to the disc, which he found to be repulsive : the Sl» 
OOND, horizontal and perpendicular to the vertical plane con- 
taining the radius beneath the magnetic pole; this is a tan- 
gential force, and occasions the rotation of the pole with the 
mora} ! thi iHiRo, horizontal and parallel to the same radius; 
it l)Ltonius niill at a certain point towards the circucnference ; 
but when nearer the centre, it has a tendency to impel the 
pole towards the centre ; and when neartr the circumference, 
to impel it in the oontraiy direetioa* 

At page 98% Messrs. Nobili and Aateiiofi give an ex* 
planation of tlae first of these forces. As has been already 
said, thesa gentlemen consider that the paru adjacent to the 
magnet have currents contrary to those which are found near 
the pole to which they appro:ich, nm] ronse(|uently they are 
repulsive ; and they consider that the parts ihat recede have 
currents identical in direction with tliose whu h are near the 
magnet from wliich they re<«de, and consecjucntly these parts 
are attractive. The sura of each of tlicse various forces is 
equal one to the other, but in what relates to the needle 
or maonet this distribution difihrs ; Ibr " the repulsive foreas 
being tne nearest, invade the disc as far as the parts under 
the needle, and thus obtain a preponderance over the action 
of the contrary forces, which are exerted more obliquely, and 
at a greater distance. In short, it is only a part of tke re^ 
pulsive forces which is balanced by the attractive forces ; the 
remainder meets with no opposition, and it is this cettiainder 
that produces the effect." 

Rut I have shown in this letter, thnt the currents in tiie 
parts adjacent or tlistant are exactly coiiUary to what is sup- 
posed by Messrs. Nobili and Antenori; and that conse- 
quently where they expect attraction they would find reouU 
•ion, and attiactkn where they expected tepdmi; m tna^ 
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following their opinion, correcletl by expL-riment, tlie result 
iiiiould be (ilhaciion instead oi rej)uistun. But Arago was 
right in ^ayujg that it is repulsion; anil consequently the 
theory ui the etibct given cannot be ttie true one. 

My vt«wB upon the subject in questioii may be foiipd in my 
first paper. I examined whether it were possible or probable 
(F. 195.) thai time couid be a necessary element for the de^ 
Telopment of the nniximum current in the metal. In this case 
• the resultaDt of all the forces would be in advance of the mag- 
net, when the pUte was rotated, or in the rear of it, if it (the 
magnet) were rotated ; and a line joining tliis resultant with 
the pole would be oblique to the plane of motion; then the 
force in tiie direction or this line might be resolved into two 
otliers, one parallel, the olIkt perpendicular to the plane of 
movement or rotation; the latui would be a repulsive iorce, 
producing an eilect analogous to that remarked by M. Arago. 

The second force is that which occasions the magnet and 
the disc mutually to follow each other. Reforring to page 
fig. K or 2. (my figure 9* may also be made use o() we 
ready ^ Forces of attraction exist in t» 4^ towards whioi it 
(the magnet) is attracted, and repulsive forces inn^n^n^ which 
impel it in the same direction;" consequently the magnet moves 
eitner after, or with the metal ; but the currents, and oons^ 
quently the forces, are exactly contrary to what has been sup- 
posed, as I have just shown; tlie magnet and the disc should 
therefore move in opposite directions, if the forces act in the 
manner that has been bLi[)|)Obed. But a^i they do not move, in 
fact, in opposite directions, it is evident that the theory 
explains their movemeiil by reversing tlie lucu aiu^i be ibelf 
erroneous. 

The thud force is that which has a tendency to remove the 
magnetic pole either towards the centre or the circumference^ 
on each side of a neutral point situated upon the radius above 
which the magnet is placed { this efiect b described at page 
281, and in fig. 4, which accompanies the memoiri and which 
I believe to be perfectly correct. The memoir proceeds to 
explain the effect by referring to the l epulsive force admitted 
(p. 289.) to account for tlie first efiect observed h\ Arago, viz, 
the vertical repulsion ol tlje disc; and supposing that this re- 
pulbivi: Ibrce be dibU ibuLcd over a certain extent of the disc, 
beneath the magnet, it is established (p. 292. fig. 5.) that if the 
pole be Situated very near the circumference, the portion of 
the body whence this force emanates will be lessened, being 
cut by the circumference itself; consequently the parts that 
are nearest to the centre are more powerful) and impel the pole 
in an outward direction ; while if the pole be placed very near 
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ihe centre, the extent whence the force emanates will pass it; 
aod as this part in excess is considered, though erroneously^ 
as fna^Te, the portioo lituaiad towards the circnmfereoce is 
more powerful* and impeb the pde towards tlie oentrcb 

Two or three slight ok^ectiaiis present tlMaselves to this 
opinion, but they are nothing, so to speak, in comparison with 
tnat which arises* when it is recollected, that in oonlbraiity 
with the author's own ideas upon the action of current^ the 
error with respect to the direction of those which are excited 
near the pole obliges us to substitute attraction for repulsion^ 
as I have already shown when treating of the first of these 
forces : consequently all the movements which are connected 
with the third force would be in a direction contrary to those 
that are actually presented ; and the theory which, when cor- 
rected by experiments made with the galvanometer, indicates 
sodi uKiveoientSi must be abaodoned. 

S98 of the OMBioir refers to Bfr« Faradiqr's ''ascoiid 
law." As I hafe already said* I nerer stated those three as- 
sertions as laws. I reaUy regret extremely thai a letter that 
was never intended to conrey minute details, but merely a km 
facts, selected in haste from a multitude described previously 
in the memoir read before the Royal Society, — I regret that 
this letter, which 1 never expected to see in print, should have 
led the Italian philosophers into error. However, after having 
examined anew all the facts, I do not see that I am in any de- 
gree responsible for the error they have committed, as having 
advanced fallacious results ; nor* as far as the memoir is con- 
cemed* for not having given to the scientific world the mosl 
complete details at the earliest period possihlc^ 

I nave not yet publidied my views as to the eaase of the diM 
Ibroe described by M. Arago ; bat as Messrs. Nobili and An- 
tenori* when giving the hypotheses, which I justly regard as 
inexact, say (p. 293.), In fact, what other hypothesis can 
reconcile the verticality that the needle preserves in the two 
positions s, n", 5", (fig. 4) with the fact of the repulsion from 
below, above which raises the needle in the second })ositioa 
s^', w" ?", — I am induced to offer another hypothesis, premising, 
however, that the directions and forms that I shall trace, as 
tliose of the excited magiieto>electric currents* are to be con- 
sidered only 08 general approximations. 

If a piece of metal* lam enoujgh to oonlain withoat dislor> 
tion all die carivnts whiA migr he aadted in its whole extant 
1^ a magnetic pole placed above it* be moved la a rectiluiear 
durection beneath the pole, then an electrio enrrent will move 
across the direction of its motion, in the parts immediately 
adjacent to thepole^ and will retnm io the opporito dinatioii 
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on each aide in the parts which, being more distant from the 
polei are subject to a feebler inductive force : the current will 
thus be completed or discluirged (see fig. 8.). Let A B C D 
represent a piece of coppei- moving in tlie direction of the nr- 
low E, and N the north end of the magnet j)lacetl above; 
currents of elecii icity will be pi oducecl in tlie piece of iiictnl; 
and though they undoubtedly exUnd from the part below the 
pole to a ^reat distance around (F. ^'^^ ^'i^ same time 
diminish m intensity and alter in direction as they recede 
thence, yet the two circles mt^ serve Co represent the resultant 
of these currents; and it will be evident that the point of 
most intense action will be where they touch, and immediatelv 
under the magnetic pole, or, on account of the time required, 
a little in advance of it. Hence that portion of the forces 
which acts parallel to the plane of the metal will carry the 
pole forward in the direction of the arrow E, because the forces 
are equally powerful on t!ic side of the pole A B, as on the 
side CD; an<l this portion, which on account of the tinie ne- 
cessary tor the production of the currents excited is perj^en- 
dicular to the directioa of the metal, will be, as we have said, 
repulsive, and have a tendency to impel the pole upwards and 
away. 

tfut suppose that instead of the metal moving in a recti- 
linear direction, a circular disc revolving upon its axis be sub* 
stitnted; and then let us consider, in the first place, the case 
of the magnetic pole placed upon its centre (fig. 4.) ; there is 
then no [Nroduction of electric currents, not because there is 
no tendency to their formation, for 1 have stated in this letter, 
and shown in my memoirs (F. 149. 156. 217.)j that from the 
time the disc begins to move, currents are filso ready to move; 
but because they have a tendency to be formed in the direc- 
tion of radii from the circumference to the centre ; and as all 
the parts are equally influenced, none of them having an ex- 
cess of power over the others, and all etjually distant from the 
centre, no discharge can take place, and consequently no cur- 
rent can be developed. As no current can exist, no eflbct de- 
pendent on the action of a current upon the pole can be pro- 
duced, and consequently there is then neither revohttion nor 
repttl^on of the magnet Hence the cause of the verticality 
mthout repulsion which occurs at this place. 

Let OS now consider the case in which the pole of the mag- 
net, instead of being placed over the centre of the metal, is at 
one of its sides, as in N, figm e 5. The tendency to form elec- 
tric currents is due to the movement of the parts of the disc 
through the magnetic curves (F. 116. 2l7.)» and wliei] these 
curves are of equal intensity, the electric currents increase in 
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force in proportion to the increase of rapidity in the motion 
of the parts of the disc that intersect the magnedc curves 

(F. 258.). Let us now trace a circle a b around a magnetic 
pole ns a centre, and it will represent the projection of ninj?- 
netic nirves ol eqnal intensity upon the disc; a and h are 
points situated nt nn equni distance from the pole, in the pass- 
m\r radius wliich is ijnmediately under the pole; but as tlie 
part or point u passes by tlie pole with much greater velocity 
than the part the intensity of the electric current which is 
excited in this part a is proportionably greater. This is al«> 
true ibr the points in any other radius of the revolving plate 
cutting the circle a ^ and true Hitewise for any other cirde 
tiacca round N as a centre^ and representing consequently 
magnetic curves of equal intensity ; with the exception, that 
when the circle extends beyond the centre C of the rei^olving 
disc, as to c instead of the existence of a feebler current at 
tlie point d timn at the point there is then a tendency to 
produce aii opposite current. 

The natural consequence of these actions of ilie d liferent 
parts is, that as the miih of the forces tending to produce the 
electric current in tl»e direction from c to d is greater on the 
side c of the magnetic pole than on the side dy the curvature 
or return of these currents by the right and left also com- 
mences on this side ; and then the two circles^ which as be* 
fore may be considered as representing the resultants of these 
currents, do not come into contact exactly under the pole, bnl 
at a greater or less distance Irom it, towards the drcumferenoe, 
as in figure 6. 

This circumstance of itself would not occasion any move- 
ment in a pole restrained in its motion to the direction of the 
radius only; but being coinlMiud with thut which results from 
the time necessary for the development of the current, and to 
whiLh reference has been already made, as explainin*; \\\e first 
of Llie three forces by which M. Arago exhibits tlie aclioii of 
the magnetic pole and disc, it will, I nope, fully elucidate all 
the effects that we are investigating, and will also prove the 
influence of time as an element* Let c (fig. 7.) be the centre ' 
•f a revolving disc, and r c a part of the radius under the nuuE^ 
netic pole ji; the contact of the two circles representing tbia 
currents is, as we liave just seen, on the side of the pole beyond 
the centre but on account of the element of time and the 
direction of the rotation R of the plate of metal, it is also a 
little to the left of the radius rc\%o that the pole is brought 
under the ;iclion of the two orders of currents, not symmetric- 
ally but (jhh(ine!y. The necessary conserjuence is, that if it 
be free to move in tiie duecuon of the radius, and in that di* 
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rection alone, it will move towards the centre for the cur- 
rents produced by a marked pole (north) are ex<ictly such as 
by their action on the pole to impel it in that direction. 

This relation of the currents to the pole by which they are 
generated, may be proved by experiment as easily as by cal- 
culation. I have shown (F. lUO.) that when a pole marked 
north is above a disc revolving in the direction of the arrows li, 
in the figures annexed eitlier to Messrs. Nobili and Antenori's 
memoir or to mine, the currents (indicated by the circles) are 
as is representetl in figures 3, 6, or 7. Upon arranging a 
metal wire which would conduct the currents in this double 
direction (fig. 8.), and placing over it a marked pole (north) 
capable of moving only in a parallel direction to rc, at any 
point in tlie line r r, 1 found it had not any tendency to move. 
There was also another line perpendicular to the first, and 
which crosses it at the point of contact of the circlet, in which 
the pole had no tendency to move. If placed in any other si- 
tuation tlian upon the.se two lines, it moved either in one direo 
tion or the other ; and when placed in the positions marked 
1, S, S, 4, it moved in the direction of the arrows represented 
at those points. Now the position of the pole, with regard 
to the currents in Arago's experiment, when the magnet and 
the disc are arranf^ as in figures 5 and 7, is exactly that 
of tlie (H)int 1 in hg. 8, and hence tliat pole has a tendency 
towards the centre C. 

We will now direct our attention to the result obtained if 
we gradually move the pole from the centre towards the cir- 
cuml'ercncc. Let figure 9. represent this new condition at a 

Siven lime, as figure 5. represented die first state; it is evi< 
ent that the velocity of the parts a b of the radius beneath 
the pole, will not dif}er from each other so much as they did 
previously, being only about S : instead of 6 : 1 ; and the 
difference will also be less with all the curves of equal inten- 
sity comprised in this circle. This occasions the situation of 
the (Kile, and the place of contact of the circles representing 
the currents (fig. 7.) mutually to approach in the direction of 
the line r c, and necessarily carries tlie pole (fig. 8) nearer 
to the neutral line / 1. If we examine the second circle c </, 
fig. 9, of magnetic curves of equal intensity, it will be seen, 
that as the disc does not extend to r, or even beyond a, there 
is nothing to add to tlie force of the current u{K)n that side of 
tlie pole, while at d the radius, by moving through the mag- 
netic curves, adds to the intensity of the current excited at 6, 
and ever}'where else on that side of the pole, and may easily, 
according to the position of the pole upon the metal plate 
(that is, occotxUog as it is nearer or further from the edge), 



vendw their sura equal or greater than the sura of tlie forces 
on the other side, or that towards the circumference- If the 
sum of the forces be equal, then the pole will be somewhere in 
the line lit at n;. 8, and will have no tendency either 
towards the centre or the circumference, though its tendency 
to move with the disc or above it remains the same. Or if the 
sum of the forces be greater on the side d, fig. 9, than on the 
side c, then the poie wiU be in the poatioii 8» fig. 8, aod 
will he impelled ontwerdt m the direetioa of Uie radias, in 
conformity wiih Arngo's results. 

fiesides this cause of alteration in the motion of the pole 
pereUfll to the radios, end which is dependent on Ae pomtian 
of the pole near the circumfi rrD i^c, there Is another cause that 
occurs, I appreliend, at tlie ^me time, and assists the action of 
the first When the pole is plaeed towards the edge of the 
disc, the discharge of the currents excited behim! i-: thrown 
against the side of the edge, from the absence of conducting 
matter; thus, in fig. 10, insteedof having the regular form 
of the figures 7 and «, the currents nro fieflectetl in tlieir 
course towards the circumference, while ihey have all neces- 
sary latitude for their movement in the parts towards the cen- 
tre ; this of itself would cause the point of greatest force to fidl 
a Httle nearer the centre than the proiection of the axis of the 
magnetic pole, and assist in placing the pole in the position 2, 
fig. 8. 1 have such confidence in this o|MnioO( that tlioagh 
I nave not had opportunity to make the experiment ni3rs«l^ 
yet I v( iiti;n to predict, that if instead of employing a revolving 
disc* a lamina or plate of metal, five or six inches broad, as 
A, B, C» D, fig. 9, were caused to move in a rectilinear dt- 
rection conformably to tlie arrow, under a magnetic |ii le si- 
tuated at a, the pole would have a tendency to move tbrward 
with the metal as well as abov^ but neither towards the right 
nor left ; while if the pole were placed above the point f>, it 
would be directed towards the edge A B; or if it were placed 
above e, it would have » fendenqr to move towatds the edge 

Having thus replied to tlie question, What other hypo- 
thesis" ?, &c. proposed bgr the authors of the memoir at p. 293, 
I shall continue my examination of the memoir itself. At p. 
294 the error relative to the nature of the cnrrents, that is 
tl)eir supposed inversion, is repeated. The effect described is 
sure enough with a heli:^ and some particular forms of app*- 
ratns ; bnt the simple and denentaiy currait generated by the 
passage of a wire in front of a magnet is not revensad when the 
metal wire recedes. (F. 171.111. 92.) 

At p. f9B b the wppoiidoii that when the fioniion is ahyw 
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the revolution of ibc currents is circumscribed within narrow 
limils, and there is itttle to add to the results that form the 
basis of the [our] whole theory;" but that when the motion 
is rapid the currenU envelope the whole disc, " so as to become 



have the same genenil direction as has been aasigned to them 
in the figures^ mether the rotation be slow or rapid ; the only 
difference is an increase of velocity. 

A circumstance is then selected which is really simple, though 
it may at first appear complicated; namdy, that in which the 
opposite poles are adjusted over a disc in one diameter, but 
towards the opposite edpjes on each side of the centre. This 
circumstance, witli tlic direction ot the movement and the cur- 
rent produced, is exhibited in fig. 7 of Messrs. Nobili and 
Anieiioii's memoir. It is unnecessary Lo quote pages 296 and 
297, which contain the explanation of this figure, but I shall 
refer to fig. 12, which corresponds to it, and \& in conformity 
with my views and experiments, so that the two may be com- 
pared together. It is veiy satisiactoiy to me to find, that in 
this part of the memoir, as well as in the first, there is no im« 
portent result of experiment contrary Co my published opi- 
nions, though I am very far firom adoptmg the oonclusioas that 
have been drawn from them. 

If figure 12 be examined, it will be instantly seen that it 
results in the most simple manner from the action of the two 
poles. Thus, as far as the upper or north pole only is con- 
cerned, the currents are as in figure 6. But as with the north 
pole, the current determined by it moves from die circumfe- 
rence towards the centre, so with the south pole, in the same 
or corresponding position, the currents move from the centre 
to the circumference (F. 100.) ; and consequenttv in fig. 12 
they are continued alonj; the diameter N, through the centre 
of the plate, to return m the direcdon of the arrows upon die 
sides "Ey O. The points upon which I find my views to dis- 

Sree with the indications of the galvanometer obtained by 
easrs Nobili and Antenori are^ first, the direction of the cur* 
rents at N and S, which is contrary to what I obtained; and, 
secondly, the existence of any oblique axis of power, as P, 
in their figure 7. 

The nienioir concludes, at least as far as I am concerned, 
at page 298, by again mentioning the error (but not as an 
error) relative to the revolving disc, which becomes a riem 
electrical machine. At the commencement, the authors being 
litde conversant with the principles under the influence of 
which such a result is obtained, deny it; and thonpfa they 
say here^ What shall we say after the nem observations that 
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we have made during the continuation of our researches ?" — I 
am not disposed to alter anything that 1 have publisliud; I 
have even more confidence than before in my own views; for 
hud their observations been in agieeaient with the results 
whieh 1 had obtained^ I ^ould have had mat raason* after 
my examinatton of their papers, to fear taat my own idcaa 
were erroneous. 

I cannot conclude this letter without again expressing niv 
regret at having been obliged to write it ; but if it be leeofc- 
lected that Messrs. Nobili and Antenori's memoirs were 
written rikI published qfier my original memoirs; that iheir 
last pa[)er a))pearcd even in the Annates: Chimte et de Phy* 
sique artel mine; and that it had consequently the appear- 
ance ot advancing the science further than I had dune: that 
both papers accuse me of error in cxpcrimeiU and Uieory, 
and also of dishonesty ; that the last of these papers is dated 
in March, and though it is now Deoember, baa been fiilkiwed 
by no correetion or retractation on the part of the authora; 
and that I sent them several nxnuths ago (at the aane time 
that I forwarded them to yon and others) copies of my ori- 
ginal niemoirs, and of my notes to a translation of their first 
memoir; and if it be considered that, after nil, T have not to 
reproach myself with the errors of whicli 1 am accused, and 
thai these gentlemen's niemoirs are so framed as to compel 
me to reply to their objectiou;* ; — I hope that no one wiii say 
that I have written too hastily what might have been avoided; 
or that I should have shown respect for the truth, and done 
justice to my own publications, or to thia branch of acienosk 
if, being aware of anch important errors» I had not callea 
attention to them* I am^ my dear Sir» yours very sincerely, 

M. FAEAnAT. 

JAW. On Oi lAm qf Sianm. ByH.W.Dovjb 

7 o Richard Tnylm\ Esq, 
JSdHor qf the Philosophical Magazine and Joumak 
Dear Sib, 

IN the ^ear 1828, I published in Poggendorff's Atmolent 
vol. xiii. p. 596, a memoir On Barometric Minima,** in 
which I established the fact, that the atonn which aooom- 
panies a great depression of the barometric column is a vast 

whirlwind, whicli in the northern hemisphere proceeds from 
S. W. to N.E. The example there more cspccinlly investigated 

is the storm oi the 2iib of December, the centre of 
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wbich travelled from Brest to Cap Lindenaes in Norway. The 
rotation in this whirlwind was in the direction iS.E. N.W., 
consequently on the S.E. side of the storm, that is to 
say, in France, Holland, Germany, Italy, Deniiwrk« and 
Pfiusia the weather-vane veered from to and 
through south ; on the contrary, towards the Atlantic coaat of 
North America the direction was N.E^ At the same time I 
observed in this memoir (p. 599.)» that the greater number of 
hurricanes in the southern hemisphere, which I hadexaminedf 
are whirlwinds rotating in the opposite direction. 

Three years later, Mr. Redfield of New York, arrived nt 
the same result by indcpLiulcitt obsei vutions, as appears trom 
his memoir, entitktl Remarks on ilie prevailing Storms of 
the Atlantic Coast ol the North American States." (SilHman's 
Amcr. Juui jj. of Sc., 1831. Avril.) In a later memoir, liow- 
ever, on the cales and hurricanes of the western Atlantic 
vd. xxzi.), Mr« Redfield has added a new and weighty fact 
to those already accumulated by me. From the storms, the 
course of which the American philosopher has there dis- 
.cussed and delineated by a chart, it follows, that the hurri* 
canes taking their rise within the tropics, so long as they are 
confined between these limits, retain unaltered Uieir original 
direction from S.E. to N.W. ; so soon, however, as they reach 
the temperate zones, they suddenly bend round almost at a 
right arif^rlc. and then travel irom S.W. to N.E. Finally, 
Lieut.-Colonel lleid, in his valuable treatise *' On tiie Law of 
Storn)s," published in 1 838, confirms by iiew examples the 
rouJis already obtained, and especially calls attention to the 
fact, (hat by this chanse in the direction of its course the 
whirlwind qireads itself out continually from the centre more 
and more. 

So lonff ago as (he year 1 735, Hadler proposed to solve 
(he problem of the trad^windSf upon the principle, that air 
moving from the equator to tha pc^es gradually acquires a 

westerly, and on the contrary air moving from the poles to 
the equator an easterly direction. A simple modification, or 
rather extension of this theory, t^Hves a key to nil the compli- 
cated phenomena of the variable and opparciuly so irregular 
motions of the wind observed in our own and other extra-tro- 
pical latitudes. It is only necessary to take into considera- 
tion the two currents contending for and alternately obiuining 
the upper hand, in order to see that the origin of the current, 
which Hadley treated as fixed for a given plaoe^ is In fact 
variable ; wherefrom it follows, that the direction of the vane 
ou^ht to be not stationarv, but changeable according to a Jaw 
which I have named the kw of rotation. From the iama 
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firuitful principle I am now prepared to explain theoreticaUjr 
the phseoornois of vtoriDs. 

Let abbe a series of mnterial poinL'^ pnrnllcl to the equator, 
which are set in motion by a certain impulse in the direction 
at (am taa&t to nordi. The ratation of the earth oombnied 

with this impulse will produce a motion of ab towards g h, if 
the space dhk is void of matter. But if this spnce is filled by 
q nw a ee B t matter, the particles at b will, as they move, come 
into contact with particles in the space d b h. wliich rotate with 
less vciocity; their motion in the direction ot ca&t will there- 
fcre be retarded, and the point h will aiove not towards h but 
townrda^ The particles at a are, ou the contrary, in juxta* 
c d e f g k 

1 

/ 



o I 

position with particles, which at first hnve rm equal velocity 
of rotation, and conseouenily move as they vo n 1 in a vacuum, 
that is, towards g» then, a b repiesem n asa of air hn> 
pelled from south to north, the storm will hnve a rtiot>- 
southerly direction at the east side, a more westerly one i>n 
the west side, and will thus ac(juire a tendency to whirl in 
the direction S.E. N.W. This tendency to whirl would 
not take place, were there no resisting matter in the space 
dbh^ and will therefore increase in proportion as this resist- 
Koce prevents the course of the storm from denatii^{ towards 
the west. Now wfthin the nerdi tropical regions the «aoe 
dhh is fdled with air, which flows from N.E. to S.W, Here, 
therefore, the resistance is at a maximamj and the air at i 
has its westerly tendency so far checked, thet it retains its 
original direction towards d almost unaltered, whilst, on the 
other hand, the air at a has acquired a tendency to move to- 
wards (/. The storm accordingly will whirl with the greatest 
in'cn^itv, hnt retains its initial direction and lateral magnitude. 
Su soiiii, however, as it reaches the temperate zone, it finds itself 
in contact with aimt dhh^ which is in motion from S.W. to 
Jv.K. The resistance, which the pnrficles at b exj)erience, 
will therefore be considerably dinnnishcd, or even almost 
vanish, that is to say, the direction bdh transformed into the 
directiMi b A» and the storm bends rrand aUttoat at a ritgfat 
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aiiglfl^ and at the time grows wider and wider as it pro* 
grasses. * 

The phmomeiia of storms south of the equator may easily 
be inferred from what has been said above of the c»pposite 

hemisphere. The rectilinear course within the tropics, the 
sudden curvature nt the limits of the tropics and the tem- 
perate zones, the ncconipanying expansion of the wliirls con- 
siiluling the storm ; in a word, nil the essential ph<enomena 
of storms, must clearly be the same tor one hemisphere as for 
the other, with the 6ule excepiioii, thai in the one (ihe iiurlhern) 
the rotation is after the order of the letters S. E. N. W.9 and 
in the other (the soatbern) after the order of the letters 

& W. N. E. 

I take this opportunity to make, in my own vindication, a 
few remarks upon the manner in which my labours in this 
field have been brought under the notice of the English public* 
In the Lond. and Edinb. Phil. Mag., vol. xi. p. 390, a paper 
by Mr. Ualton has appeared, in which I am directly charged 
with claiming for myself a theory whicli l>e had already 
many yeai s belure made known, and wiiich had still earlier 
been promulgated by the celebrated Hadley. Upon a dili- 
gent perusal of Mr. Dallon i> Meteorological Essays and Ob- 
servatbnsy and of Hadley's oris^nal li&moir (The Cause of 
the general Trade-windt Phil. Trans* 1736» p. 53}» I have 
not succeeded in Ondtng a single trace of, or bare allusion tcs 
the existence of the law of rotation, which it was the principal 
object of my paper to establish by observations, and explain 
upon theoretical principles. And if your readers or Mr. 
l)alton should do me the honour to look into my Meteorolo- 
gical Essays, Berlin, 1837-f?8, pp. 1^^—250, it will be seen, 
that so far ti oin attempting u> usiiip the cieiiit so justly due 
to Hadley for the fundamental idea, upon which my own 
theory ib luuniled, and vvliicli lie had himseU' ao success! 11 1 iy 
applied to the particular problem of the trade-winds, I have 
been anxions to acknowledge the fuU extent of my obligations 
to him, and to bring his merits as a di6co?erer prominently 
forward. 

In an article upon Lieut.-Colonel Reid's law of storms in 
the Edinburgh Review, 1 find my meteorological researches 

again alluded to, but upon a distinct ground. The anony> 
mous Reviewer, in his patriotic anxiety to satisfy his readers 
of the purely British growth of this theory, allows that some 
remarkable passages upon the subject had previously ap- 
peared in the memoirs of the Berlin Professor, but that these 
are mtie ingenious speculaLioiis,^(>r thei^ are no more, Tiic 
term passage^ for a memoir (on barometric minima) of sevea- 
PhU. M^. a 3. Vol. 17. No» 111. Noif. 1840. 2 B 
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teen closely printed pagei » strikes me as a little eottraordinaiy* 

but perhaps this arises from my imperfect acquaintance with the 
nice distinctions of your language. I leave it to my English 
renders to determine, with what tlegree of justice results de- 
duced 1i oin a greater miuiber of contemporary observations, 
than (as 1 believe) had ever previously or have even since 
been brought togetlier, can be represented as no mute than 
ingenimts speculations, 

I am, dear Sir, yours with much esteem^ 
Berlin, Sept. 30, 1840. H. W. Dovs. 



LV. On the Electricity of a Jet of Stemn issuing Jroin a Boiler, 
Bt/ H. G. AaMSTaonGi Esq^ in LeUeis to Frq/essor 
Faraday*. 

SiK, 

A r L W days ago, I was ialormed that a very cxti aordiuary 
electrical phaenomenon, conntc icd with the efllux ot steam 
from the safetv-valve of a 8team>t ii^ine boiler, had been ob* 
served at Seghill, about six miles Irom Newcastle. I there- 
fore took an early opportunity of going over to that placcy to 
investigate the truth of what 1 had heard, and b^ so doing 
I have ascertained the precise facts of the case^ which appear 
to me to possess so much novelty and importance, that I deem 
it right to transmit the particulars to you» believing that in 
your hands they will prove most conducive to the advance- 
ment of science. Without further preface, 1 shall proceed to 
narrate wiiat i saw and heard on the spot. 




There is nothing remarkable in the construction of the 
boiler, which is supported upon brick-masonry in the usual 
way. The annexed sketch represents an end view of the 

• Commuaictted bj IVoleiior ftetdsy. 
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boiler and safety-?alvfl^ faj which it will be seen thai thevalvs 
is placed cm the top of a small cylinder, having a flange round 
the lower end, which is fhstmed by bolts to the summit of the 
boiler, between which and the flancre, a cement, composed of 
chalk, oil and tow, is inierpofed ior tiie purpose of making 
the joining steam-tiirht. 

About three weeks a*io the steam began to escape at this 
jouiing, through a fissure in the cemenl, and hai» ever since 
continued to i&sue from the aperture in a copious horizontal 
jet. Soon after this took place, the engine-man, having one 
of bis hands aoddentalljr Immraed m the issiung steaai« 
presented tlie other to the lever of the vaWe^ with the view of 
adjusting the weight, when he was greatly surprised by the 
appearance of a brilliant aparkf which passed between the 
lerer and bis hand, and was accompanied by a violent wrench 
in his arms, wholly unlike what he had ever experienced be- 
fore. The same effect wa? repeated when he nTt( Tiipicd to 
touch any part of the boiler, or any iron-work coiiiu L ttnl with 
it, provided his other hand was exposed to the steam. He next 
found that while he held one hand in the jet of steam, he com- 
municated .1 shock to every person whom lie touched with the 
Other, wheilier &uch person were in contact with the boiler, 
or merely standing on the brick-work iHilcb supports it ; but 
that a perm loucDUig the boilefy teoeived a much stronger 
shock than ooa who mer^y stood on the bricks. 

These singnlar eflects were wit ness ed and experienced by 
a Ipreal manv persQCi% and amon^ others by two gentlemen 
with whom 1 am personally acquamted, and who fully corro- 
borate the above account, which 1 obtained from the engine^ 
man. 

The boikr luul been cleaned out the day before I saw it, 
and a tliiu incrustation of cakaiLous matter reaching as lugh 
as the water level }):ul been lemoved, and the consecjuciice 
was, tliaL die indicaiiuns of electricity, lliuugli bLill exii»ting, 
were very much diminished. Still, however, what remained 
was very extraordinary ; for when I placed one hand in the 
jet of steam and advanced the other withm a small distance 
of the boiler, a dbtmct spark appeared, and was attended 
with a slight electrical shock. 

From tne effect produced by the cleaning of the boiler, it 
appears pretty obvious that the phaenomenon is in a great 
measure, though not wholly, dependent upon the existence of 
an incrustation within ; and the reason why such eft'ects do 
not in any degree attend the etHuxion of a jet of steam from 
ii boiler in ordinary cases, must, I appreiicnd, be sought for 
iu Uic lact, that in the present instance the steam escape^ 

%1^2 
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Ibrongh an aftertim in a mm-condiiclaiig imiiein]» whil« io a 
vast majority of cases the escape must take place through a 
natallic orifice. Can the explosion of boilers, rc'speciing the 
cause of which so much uncertainty at present exists, iiavc 
any connexion with the rapid product inn nf plrdricity arlndi 
thus appears to accompany tlie generation of steam? 

In the present case the incmatation in the boiler is very 
rapidly formed, and I tlierefore expect that in a few days the 
effects will have become as strong as they %vere at first. 
Whanever this takes place I shall again go over to witn^s 
them, and if you wish for any further informatioDy I shall 
be glad to obtain it for yon. In the mean time y<m are at 
liberty til make any use of this letter that you think fit. 

f nm, Sir, very respectfully yours, 

Newcastle- upon>Tyne, Oct. 14. 1840. H. G. AaMbi KONu. 



Nfl«cMt]»«p<w»Tfne, Oet. it, IMti 

Dear Sir, — I yesterday revisited t!ie boiler at Sf l';^;!!. in 
Coinpany with some friends* and took with roe mdi apparatus 
as I deemed necessary fbr cxperiaranting on the ^cetrieal 
steam. The results of this second visit I now hasten to com- 
municate, and you will find in the following account of my 
proceedings, answers to all the queries you were kind maum 
to send me, for tlie purpose of directing my attantioQ to tSe 
proper points of inquiry. 

I found the boiler, and everything connected with it, pre- 
cisely in (lie state in whir h I liave already liescribcd it, and 
ou trying tlie steam in tiie same way an 1 did on the former 
occasion, the ei^ct was very nearly the same; but when 
I placed myself on an insulating stool, the intensity of the 
sparks which passed between my hand and the boiler was 

Eeatly increased, as well as the twitching sensation in the 
luckleaand wrist* which accowj^nied the operatian» and 
which in my Ibrmer letter T designated a sheht electrical 
sliock. Ill 1 arsuance of your instructions, I had {irovided 
myself with a brass plate, having a copper wire attached to 
it^ which terminated in a roniM brass Icnob. When this 
plate was tield in the steam by means of an insulated handli-, 
and the brass knob brought within about a ouarter of an 
inch from the boiler, the number of sparks which passed in a 
minute was from sixty to seventy, as nearly as we could 
count; and when ilie knob was advanced about one-sixteenth 
of an indi nearer to the boiler, the stream of electricity be- 
came quite continuous. The greatest (distance between the 
knob and the boileri at which a spark would pass from one to 
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tlie other, was fully an inch. A Florence flask, coated with 
brass filings on both surfaces, was charged to such a degree 
with the sparks from the knob, as to cause a spontaneous 
dischai^ tbrouffh the glass ; and several robust men received 
a severe shock from a small Leyden jar charged by the same 
process. The strength of the sparks was quite as great 
when the knob was presented to any conductor communica- 
ting with the groundy as when it was held to the boiler. It 
appeared to make very little difference in what part of the 
jet the plate attached to the condiictinf^ wire was held ; but 
when a thick iron wire was substitutctl lor the piate, the eU'ect 
was greatest when the wire was held very near to the orifice. 
The valve was loaded at the rate of tliirty-five pounds per 
square inch ; but the pressure of the steam fluctuated consi- 
derably, which gave me an opportunity of observing that the 
quantity of electricity derived from the Jet increased and di- 
minished with the pressure. The electricity of the steam was 
potiiive; for when the pith balls of the electrometer diverged 
ppon an instrument connected with the steam^ they were at* 
tracted by a piece of sealing-wax rubbed on woollen cloth ; 
and when a pointed wire was held by the person on the stool, 
under the sliade of a hat* a peficil, and not aUoTf of electrical 
light became visible. 

Besides the principal jet of steam which I operated upon, 
there were several small streams issuiiifj; from different parts 
of the boiler, and in eacii of lliese tlie eiecUometcr indicated 
the oresence of electricity. From the peculiar manner in 
which the steam blew off from the safety-valve when the weigrht 
on the lever was lifted, it was quite impossible to try any sati8« 
iactoryexperiment upon the steam which was allowed to escape 
by that means. 1 applied the gold-leaf electrometer to vari- 
ous parts of the boiler, which, fought to observe, is in direct 
communication witli the ground by means of the steam-pipes, 
but could scarcely detect a trace of electricity in any part 
of it. 

The enrrine has anotlier boiler besides the one in question, 
and tiie two boilers lie immediately adjacent to each other. 
Having been informed that siiuiiur phiieuomena had beta dis- 
covered in this second boiler, I proceeded to apply the elec- 
trometer to some small pencils of steam which were escaping 
in different parts^ and found the same indications which I had 
observed under similar circumstances in the first boiler. I 
then raised the safety-valve, and the column of steam which 
escaped from it proved as highly charged with electricity as 
the fiorizoiual jet which issued from the other boileri and ID 
which the plueaomenon had first been observed. 



Digitized by Go -^v^i'- 



374 Mr« H. G. Annstroiig am ike BXeetrieUtf cfajH ofSUam^ 

Upon inquiry, I found llmL the water used in ihe boilers 
was obtained ironi a neighbouring colliery, where it was 
pumped out of the niiiie, and that the uarae water was used 
for the boiler of a small high-presstire engine adjoining the 
colliery from which the water was procured. In cirder, ttiere- 
fore, to form an opinion whether or not the phflBnomenon in 
question was dependent upon the quality of the water from 
which the steain was generated} I proceeded to examine the 
steam evolved from the boiler to which I had been referred^ 
and which proved to be a very small one. The valve was 
loaded with only twenty pounds on the square inch, and I 
learned from the engine-man that no appearance of electricity 
had ever been noticed in the sic;iai. r^|K)n trial, however, I 
succeeded in obtaining very distinct sparks ol electricity from 
the column of steain w iuLli issued fiom the safety-valve. ITie 
spill ks wei e certainly weaker than those obtained at the Other 
engine^ but this may reasonablv be ascribed lo the iniinflor 
pressure of the stearo^ and smaller sise of the boiler. 

I then repaired to another high-pressure engine^ which 
belong^ to the same establishment, and the boiler of which 
was supplied with rain water instead of that drawn from the 
mine. In this case the pressure of the steam was for^ pounds 
on the square inch. The valve was inaccessible, but a powerful 
jet of steam was obtained from the upper gauge-cock; I could 
not, however, obtain any trace of electricity in the steam from 
this boiler, not even sufficient sensibly to afiect the gold-leaf 
electrometer. The presumption, then, is exceedingly stroug, 
that the pha nomenon is in some way occasioned by the pe- 
culiar nature oi the water from which the sieaiu is produced. 
I inclose you a specimen of the incrustation of a month's 
Ipnowth, deposited by the water from the mine in the boilers 
in which it is used. 

I shall be glad to receive any further instructions from 
you as to the proper mode of pursuing the investigation^ and 
should be much gratified to hear your opinion as to the cause 
of this most curious phsenomenon t* 

I am» dear sir, 

Very respectfully yours, 

H. G. ARMSTitoiia, 

M. Faraday, Esq. 

* The iucrustation is grey and hard ; it contains traces of a soluble 
muriate and sulphate, but coniiits almost entirely oftulphateof lime* with 
a little oxide of iron and insoluble clayey matter, carricil in probably by 
the water. There is hardly a trace of carbonate of linie in it. — M. F. 

f The evolution of electricity by vaporization, describeii by Mr. Arni- 
stro^g, b most likely the lame at that already kaown to phUoflopbsrs on 
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L VI. ExperimenU on ihe EMricitt/ of High^Prmmt Steanh 
By H. L. Pattinson, Esq.,, F,0,S> 

To ihe Ed liars of the Fhilo$ophical Magasine ami JournaL 
Gentle M£N» 

A VERY singular phjenomenon, viz. the production of 
electricity by two steam-boilers, fins been observed in 
this neighbourhood within the last tew WLck-, ihe particulars 
oi wiiich I have the pleasure of transmitting to you Ibr publi- 
cation in your valaabic Joui iial. The boilers in question are 
situated at Crandington Colliery, eight miles north-ea^t of 
Newcastle^ where they supply steam to • high-pressure en* 

Sine of SSohone power, employed on the wa^on-way to 
aol foil and emptjr waggons to the top of two iocuned planeiy 
leading to the Collienr on the one hand, and to the river 
Tyne on the other. The boilers are cylindrical, with ohrcu^ 
lar endfl^ eaeh twenty-one feet loogy and five feet diameter. 
They are supplied with water from an adjacent pond by iron 
feed-pipes, four inches diameter, and the steam they produce 
is conveyed to the working; cylinder by other iron pipes, six 
inches diameter, which pipes Ibrui also a direct in< uillic com- 
munication between the tops of the boilers. By tiiLnns of ap- 
propriate valves the steam is supplied to thecylintler Irum one 
or other boiler at pleasure. A pipe* two inches diameter, leads 
from the bottom of one bcnler on the outside of the brick-woric 
lo the ath-pit, through which the sediment deposited bv the 
water is occasionally blown from one of Scott's patent colled^ 
inff cones, and a similar pipe is attached to the other boiler* 
The lx>ilers are set in brick-worIc in the usual way, the fires 
bdow, with flues reaching all round, and passing into the 
chimney also in the usual manner. The flues are covered 
witii large flat bricks, and in the i»pace between the boilers the 
two flues are necessarily separated by a brick wall. The 
safety -valves are attached to the boilers by flange joints; and 
between the flanges, to render them steam-tight, is placed a 
ring of plaited hemp covered wilIi a cement of iiiharge, sand 
and linseed oil, mixed up together, and when applied of the 
consistence of gl asien^ p utty. This cement^ as it soon becomes 
hardy is nsedabont theenfine for steam joints wluchoocasionaUy 
fail ; bm all the joints of uie pipes are made of iron borings and 

amurh ^ina'Icr scale, and about which there are as yet floufit^ whether it 
is to be referred to mere evaporation, as Harris says, or to chciiacal action, 
according to others. This point it neither settles nor illustrate? ; bat it 
P'9m ua the evolution of electricity during the convenion of water into 
viipotir, upon an enoniMns scale, and therefore brings us nmch nearer to 
the electric phs^nomeua of volcanos, water-ipoau and thuuder-ttormsi 
than before,— M. F. 
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sal-amnKMiiacy osordiiiftrily ennploved by engiiM^wri^to. The 
8teMn is worked at a pressure of uiirty*five pounds per uich. 
The ^oint between the top of one of the boilers and the 

seat of Its safety-valve had given way» and steam was issuing 
forcibly tiirough this aperture, when on Tuesday, Septeinbeir 
29th last, the engine-man, William Patterson, while standing 
with this current of steam blowing upon his legs, took hold of 
tlie woi;j^lit attached to the lever of the safcly-valve, to try the 
strengLli ot the steam, when he felt a peculiar pricking sen- 
sation in the ends of his fingers, but as the steam prevented 
Inm iioiu st^eing ui^tthiciiy, he thought he had merely struck 
his fingers rather suddenly against the weight. On Friday, 
Oetobcr on taking hold of the lever, he again Selt a aeo- 
satioo hi his fingers of the same kind as bmore; and on 
Saturday, the Srd» on tooching the weiglitt this senaafinn ««a 
stronger» and more distinct; so much so^ as lo arrest his at- 
tention and lead him to mention it to some other workmen 
employed about the engine, who all handled the weight, and 
convinced themselves that there was somethinj^ about it very 
unusual. I) LI 1 i ng the time they wt ru thu^ employed, I'aiterson 
applitd his finger gently to the lever, and perceived a spark. 
This was repeated by tne whole party, and they suon louud 
that spark.s cuakl be obtained from any part of the end of the 
boiler, as fur as the valve upon the steam-pipe coiHieeiuig the 
two boilersi and also from the pipe through which the sediment 
is blown» as already described. They Mwenred further, that 
while standing in the volume of steam issuing from the jointy 
and touching the boiler, these qiarks were always much 
stronger than when the boiler was touched by a person not 
in the current of steam. In one or two c a se» accctding 
to their account, when the current of steam issuing from 
the joint ^vns very strong, the person exposed to it being 
probably partially insulated by stniuling upon tlie dry and 
warm bi ick-work sui loiimiing tlic boiler, gave strong sfwirks 
to others out of the can cut on bringing his hands to theirs; 
and once or twice they felt, under these circumstances, somc- 
tbin|r like a slight elccuicul shock. It may be observed, lluil 
at this time the weather was exceedingly fine and dry. It was 
not long before the engineer of the coAieryi Mr* Mardial], be- 
came acqua m ted with these circumstanoes» and hb first Ming 
was to apprehend that the boiler was in danger of exploding, 
Ibryas he said» ^when there wasfire on the outside of the bailer» 
he did not know what there might be within." He accordingly 
sent to Messrs. Hawks's, of Gateshead, who built the boiler, tor 
a person toexamine it, and Mr. Goligluly, their nmnn«!:er iu that 
department, went out on Wednesday, the 7th itist , tor that j im- 
pose* He gave his opinion as to the saiety ol the boiief> and 
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returned much surprised at the phsenomena it presented. The 
singular circumstance of a steam-boiler yickiintj; electrical 
sparks, and giving shocks, now began to be noised abroad ; 
and my iViend, Mr. Henry Smith, of Newcastle, who had 
heard the account both from Mr. Golightly and Mr* Marshall, 
wrote me a note acquainting me with Sie matter, and desirins 
me to go with him to see it, which I did on the 1 1th inst, and 
again on the following day^ having with us the second time 
proper electrical apparatus* On our first visit, the boilers 
being unplugged and emptVy we merely satisfied ourselves as 
to all the particulars of their setting, etc., already detailed. 
Next day, on our arrival, we foniid the engine nt work, the 
steam up to a pressnre of tinrty-five pounds an incii, and blow- 
ing oft' strongly at the joint in the boiler. The day was a little 
damp, but yet not unfavourable, and we were iniorined on 
alighting that the indications of electricity were very faint and 
weak ; however, we proceeded to our examinationi of which 
the following is the result. 

I* On touching the boiler with the blunt point of a mi- 
koile anywhere about the circular end, the weight or the safely- 
▼alve itself, with the steam strongly blowing out of the joint» 
but with no part of the person exposed to the volume of stearo» 
no spark could be perceived whatever. 

2. On immersing one hand in the current of steam, and * 
touching the parts of the boiler already named with the point 
of a penknife held in the other, a very minute but distinct 
spark was perceived, and this occurred equally ou all parts of 
the boiler, or safety-valve, within reach. 

3. By standing in the current of steam, so as to allow it to 
blow forcibly upon tlie person, the spark became larger ; it 
was tlien one-eighth of an inch long. 

4* On holding a laige shovel in the current of steam with 
one hand, and touching the boiler with a penknife held in the 
odier, a sparic was obtained three-eighths of an indi long. 

5. The cap of a gold-leaf electrometer^ the lx>ttom of 
which was held in the hand, was applied to the weight, the 

• body of the operator being entirely out of the current of steam; 
and no divergence was produced wliatever. 

6. The electrometer held in the hnnd lind its cap applied 
to the weight, the other liaml of the operator heinp^ immersed 
in the current of steam : strong divergence was jmmetiiately 
produced. 

From this it was evident that the electricity proceeded from 
the steam ; but as the boiler-house was damp, so that insulation 
by glass could not well be preserved, a copper wire was at- 
tached to the shovel already mentioned, the end of which wire 
terminated In the engine^liouse^ some yards diatani from Uie 
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l)oiler-house, where was placed a table. The sliovel was held 
by Mr. Smith in ihe current of steam, with its edge about an 
inch and a half from the aperture through which the steam 
Issued, and the wire leading away from the shovel was insa- 
lated by being attached to sticks of sealing-wax held by assut- 
ants. Mr* Smith stood on an insulating stool. 

7. On touching a pith-bail electrometer, the threads of 
which were five inches lougf with the insulated wire leading 
from the sliovel held as mentioned, the balls diverged four 
inches with positive electricity. 

8. The wire was attached to an insulated tin conductor, 
when it yielded sparks half an inch in length. 

9. A pointed wire attached to this conductor exhibited the 
brush of light a cjuarter of an inch long, which always aiieads 
the escape of positive dectrieity from a point into the air. 

10. A amall jar was now charged so strongly as to give a 
rather disagreeable shoclr. By this time a large crowd of 
men, women and bojrs from the " Pit Raw," or pitmen's re- 
sidences near the colliery, attracted by the novelty and singu- 
larity of the circumstances, had gathered about us, filling the 
engine-house and lookintr on \\ \xh irreat curiosity and interest. 
A circle of sixteen ot llusc men and woniL'ii wns forrnetl, and 
they received togetlier, much to tlieir sui pii^eand merriment, 
n powerful shock from the charged jar. This was several times 
repeated, the numbeis icceiving the bhuck varying each time 
from twelve to twenty. 

11. A atont card was perforated by a diseliaige of the jar; 
and cotton wrapped round the end of a copper wire and dipped 
in pounded resin, readily set on fire. 

18. ^Vben the edge of the shovel was made to approach 
the aperture through which the steam issued as near as three- 
quarters of an inch, very vivid nnd bright sparks of tliat length . 
passed continually hrtwecn u and the boder. 

13. The second boiler iIkI not discharge steam through any 
fissure, but on lilting its valve by the hand it blew oft' in a 
strong current. When the shovel was held in ojie iiand in 
this current of steam issuing from the safety-valve, aud the 
boiler was touched with a peni^ntfe held in the other, a sparic 
passed exactiv, as under the same circumstances in the boiler 
subjected to the above experiments. 

From this it would appear that the steam of both boilers 
was in the same electrical condition. 

During the whole of these experiments the engine was doing 
its work as usual, occasionally going and occasionally standing ; 
but no diilerence was observed in the electricity given gSl by 
the steam. 

1 have been most careful to supply an exact account of the 
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facts of this extraordinary, and, as far as I know, unprecedented 
case, but I do not offer any theory to account for the pheno- 
mena. It is hardly possible to suppose that tiicio i-i any local 
peculiarity about these boilers, ur the place u lu t e they are 
situated, to oc ca-ion the hifrhly electrical cuiKlaiou of the steam 
produced in ihein^ atui ycL ii is as difiicult to bup|K}se the lucl 
of high-pressure-steam being electrical, a general one; for if it 
were 80» it ooold hardly, up to this time» have escaped observa- 
tion. The conditional tbevefiMre^ under which steam becomes 
electrical require to be investif;atedy and it b not unlikdy that 
the investigation may lead to important results. 

I am» Gentlemen, 

Your obedient Servant, 

Bentham-nrcve. Gixte^head, H. L. PATTmSOIf* 

October la, Jl»40. 



LVII. Note on Elimination, By J. J. Syi.vesteu, F.R,S.y 
Pr aj t ssor of Natural F/uioso2)iij^ in Universilj/ College^ Lon- 
don^. 

^^H£ object of ttiis brief note is to mieraliae Theorem 2> 
in my paper on Elimination whicn appeared in the last 
December Number of this Magazine. The Theorem so f»e- 
neralized presents a symmetry which before was w aniing. 
Here, as in so many other instances, the whole occupies in the 
memory a less space than the {laru 

To avoid the ill-looking and slippery negative symbols, I 
warn roy reader that I now use two rows of qaantities written 
one over the other, to denote the product of the terms re- 
sntting from takiag aiwa^ each quantity in the under Irom 
each m the upper row. 

Let kg £^ ik« be the roots of one equation of co- 
existence. 

k^ k.^ km of the other. 

And let the prime derivaiive of the degree r be required. 
Take anif two integer numbers pand 7, such that » + a =: r« 
Ihe derivative in question may be written. 




N.B. Whatever p and q be taken, so long only as ^) -\r q 
• ConoMmicalsdliytbeAttilMr. 



Digitized by Google 



880 



r= r, the above expiessioii changes nothing but its sign ; 
which, therefore, upon transceiulental gioiuuls, it is easy to 
bee is of one name or another, according as p is oiki or even. 

In the or^^Dal paper, I asserted this tlieorem only for the 
case cfp s= 0 or g aa 0. 

Uniyenity College, London, Oet 96, 1840. 



LVIII. Proceedings of Learned SodeHes. 

ROYAL SOCIETY. 

June 18,nr^HE following letter was read from G. G. An=on, F<!q., 
. 1840. JL addressed to tlic President, enclosing a specimen < f a 
deposit with which nine acres of land near Exeter, belonging to Lord 
Radnor, bad been covered after the mbsideiiee of a 8ocid« aad which 
was sent by H.R.H. Prince Albert, F.R.S. 

''Buekm^kam Pakee, Jme B, 1840. 

" My dear Lord, 
" His Hoyal Highness Prinrc Albert has commanded me to for- 
ward to you tlie enclosed specimen, which has been sent up to His 
Royal Highness from Lord Radnor's place near Exeter, where nine 
acres of land were covered with this curious substance after a flood 
had subsided. His Royal Highness thmlcs it very probable that the 
subject may already have been brought before the Royal Society, but 
in ctise it sliould not have been, he sends the arcompnnying packet. 
It is said that a good dcn\ of it has been applied to the puipose of 
making waistcoats for poor ])eople. 

•* Believe me. 

My dear Lord, 

" Yours very fiiithfully, 

G. G. Ansow." 

" The Marquk of Norikam^^tim, PrendmU of ike R^td So^Hf" 

The following description of the specimen referred to in tihe letter, 
drawn up by John Lindley, Ph. D. F.R.S., was also read : 

" Description of the Specimen referred to in the preceding letter." 
By John Lindley. Ph. D., F.R.S. 

The plant which overran Lord iiadnor's land is the Conferva crispa 
of Dillw)m, which is said to be the Cettferva fmoiaiiUs of Linnseus. 
The species inhabits ftesh water, and multiplies with great rapidity, 
fonning entangled strata. The green portion Is the Conferva in its 
yonng state, the white portion i? the plant old and bleached. The 
whole mass consists of articulated iUaments, among which are iirsg« 
ments of grass-leaves. 

The following papers were then read, or their titles announced 

1. An Account of Experiments on the Reflecting Telescope. By 
the Right Hon. Lord Oxmantown, F.R.S. 

This paper enters minutely into the details of tlie experiments, of 
the precautions requisite to ensure success, and of the manipulationa 
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wWmtffly id4>ptcd in forming a speculani three fytit m diameter* 
•absequently applied to a telescope, mounted ia a manner very si- 
milar to that of Sir John Herschel. The author state«, ns the re- 
suita he arrived at, thfit «perala can be made art effectively, when 
caJit uf the tiaest speculuiu metal, in separate portious, aud retained in 

Hidr ^otkdaoB by an alloy of sine and copper, as easily wrought as 
biasSt Mid that they can be ezeented in tiiii manner of any 
required eize ; that castings of the finest speculum metal can be ex- 

ecuted of large dimcnpiona, y>erfect, and not rery liable to break ; 
that machinery can be employed with the L;Teatest advantage 
in grinding and polishing specula ; tiiat to obtain the finest polish, 
it is uot uecessary that the speculum should become warm, and that 
any tempefatnre may be fixed npon, and preserved nnifeim daring 
tbe -wh^ proeeis} and fhat larga ^eenla can be polished as 
accurately as smell ones, and be s npp orted so as to be seemed Itom 
flexure. 

5. On the theoretical explanation of an apparently riew Polarity 
iu Liglit. liy G. li. Airy, Esq., M.A., F.R.S., Astronomer Koyal. 

The existenoe of a pouirity in tlie rays of licanogeneons light. ha« 
Ting regard only to the sequence of ooloors in tlie spectrum, was in* 
ferrad by Sir David Brewster from some experiments, of which he has 
given an account , contained in the Report of the Seventh Meeting of 
the British Association. The anthor states the results of his own 
observations of similar phienouiena, and their theoretical explanation 
on the undulatory theory, together with the umthematicaL develop- 
ment of that exptenation*. 

3. On the Ferrosesquicyanuiet of Potassium. By Alfred Smee» 
Esq. Communicated by P. M. Roget, M.D., Sec. R.S. 

The author examines, in this paper, the action of chlorine upon 
the ferrocyanute of j)otas9a, and th<^ conversion of the latter into 
ferrosesquicyuiiuret ; and propose^) xuctliods for obtaining this latter 
salt qneontaminated with impmitiest and fieee fiom the difficultiea 
and inconvenience attendant on the present mode of preparation f. 

4. On the infinenoe of Iodine in rendering several argentine com- 
pmmfl'--, spread on paper, sensitive to licrlit; nnfl on anew Method 
of producing, with gie iti r distinctness, the Fin roLanic Image. By 
Mr. Robert Hunt. Communicated by Sir John Herschel, Bart.» 
V.P.R.S. 

'Phis paper oontmns various details of the results of a great 
nnmber of experiments made with a view of rendering paper 
capable of being employed instead of metallic plates, in Daguerre's 
photoorraphic prooess. It is aocompanied with 12 papers as qpe- 

cimen.^. 

5. Hourly Observations of the Barometer and Thermometer at 
sea. on tbe SIst of Muttt, 1840. Bj Major^Oeneral A. lindmy, 
H«B.I.aS. Commnnieated by Sir John F. W. Hendiel. Bart,, 

T1ie«e observations were made on board Hie ship Owsil Glendowei» 
on her voyage Calcutta to London* 

* See oar prtmnt volume, p. 81 .—Edit. 

t Mr. Smee*! paper wiU belbund in oar present ?olane, 
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6. On the Constitution of Pigotite, and on the Mudesoud and 
Mttdedc Aflidi. By Jamet F. w. Jc^mitoii, Eiq.. M.A., 

In this paper the author describes a sohUlllCSt ftund by himself 
and by the llev. M. Pigot, forming an incrustation on the sides of 
certain caves, occurring in the gfranitic cliffs on the eH«»t nnd west 
coast of Cornwall. This incrustation ib in mass ol ;i brow iv, and in 
powder of a yellow colour ; is insoluble in water and ulcuhol ; when 
heated, it givee off nraeh water, bladceni, yielda emjpyremMitie pm* 
diiotB» and leaves a bhick mass, having oooBeumallj the lustre of 
graphite. In the air, at a bright red heat, thia maas ver^ abwhr 
hums, leavings a ^rey or white ash, which ooneiita of jQyw^wft^, wiw 
some slight foreig^n admixtures. 

The organic constituent of this substance (pigotite), the author 
considers to be derived fixnn the decay of the various phuits which 
grow on the moist moorlaiids above, and wbieh, being earned bf the 
Waters into the fissures of the gnnite beneath, combines with the 
alumina of the decomposed felspar ; and when it reaches the air, 
deposits itself on the roof and sides of tlie caverrr^, in the form of 
layers, varying from a line to two or three inches in Lhickneff. With 
reference to its supposed origin, the author has given to the organic 
ooastatuent tiie name of mmdBtoiu and (from /ivSi^ats, signifying 
decay fbtough excess of moii^ture) ; and he mentioins an obeemtion, 
oommunicat^ to him by Dr. Boase, that the roots of the m-pinV 
(Staiice Armeria) contain a rolouring matter xesemblillg. Ml 9ff9tt» 
ance, the solutions of tin luudcsous acid. 

From numerous experiments and unaiyses detailed at length iB 
his paper, the aatiior derivee the ioUowiiig general lesolto : 

1. That the native pigotite oontaina a dark-brown ednUe, mot 
deliqneecent acid of vegetable origin, wbibb, in the anhydrous atate, 
is represented by C,, Hj O^. 

•2. That this acid, the mudesofis, is tribasic, the s^t of silver 
(mudesitc), being represented by (3 Ap O -f» Cj^HjO,), and pro- 
cipitates the salts of the metallic oxides of a brown colour. 

8. That the native mndeaite of alnmina (Pigotite) is vefre- 
tented aefbUowa: 

o. Driedin the air by (4^ + C^H^Og-i- 27HO). 

h. Dried at 212*F. by (4^ + G,gH» O, + 8H0), loUng 97 
per cent, of water. 

c. Dried at 300» F. by (4 Al -|- + 8 H 0), h)8ing 32 

per cent, of water. 

4. That this native mudesitc, however, is more probably a com- 
pound of the organic tribasic salt, with a hydrate of alumina, and 
may be rationally represented thus : 

0. Driedintheajrby(^ + Cj,H»Og+,HO) +3(Al-f 6H0). 

J. Dried at912«»P. by (Al + C,^H,08 + 4HO) + 3(Al^+2HO). 

if, Dii0d«t8OO»F.by^tC,«H»O«-4-8HO)t8<A + 8HO). 
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5. That when treated with nitric uciU, tlie native mudesite, as 
wdl at the mudeaoiis acid itself, are oxidized and converted into a 
new brownish-yellow, soluble and deliquescent acid, containing more 
oxygen, and in the anhydrous state represented by C|« H, 0,o. 

C. That tlii? new ncid, the mttdesic, combines readily with alu- 
mina and protoxide of mercury, giving salts of a yellow colour. 
Both the acids dei^eribed in tlus paper are distinguished for their 
tendency to precipitate alnminaand the jprotoxide of mercury. The 
mudesate of mercury dried at 300<> F., is represented by (2 O + 

7. That chlorine, when made to act on cither of the acids, or 
tlieir salts of alumina in contact with \vat< r, trradually deprives them 
of all colour, vv iuie, at the same time, muriatic acid is formed. Col- 
lected on the filter, boiled in water till the washings cease to pre- 
cipitate nitrate of silver, and dried, the white gelatinous, apparently 
altered mudesite or mudesate, is found on analysis to contain no 
atomic proportion of chlorine, but to have sensibly the constitution 
of the inudesic acid, or mudesate? prepared by the direct action of 
nitric acid. The author thinks it not unlikely that a chloro-mudesic 
acid exists, and may be formed during this process, represented 
probably by C,^ H« CI 0,o, but which he has not succeeded in ob- 
taining in a separate state. 

The imide:^ous and mudceic acidb are di'^tiiiLniished from each 
other by i^iving. the former brown, and the latter yellow precipitates 
with the neutral metallic salts — by being, the former unaltered, and 
the latter deliquescent in the air. Botli form deliquescent salts with 
ammonia, and appear to undergo alteration by the long-contbiued 
action of hydrosulphuric, or of concentrated sulphuric and hyibo- 
fluoric acids. 

7. On the Constitution of the liesius. Port V, By James F. W. 
Johnston, Esq., M.A., F.R.S.* 

In this paper the author continues his examination of what are 
called the fetid resins, and from repeated analyses deduces for the 
resin of Sagapcnum the formula C^o H^., O, , and for that of Galbanum 
C40 0-. He then compares the formulse for the four resinB : 
Opoponax = C40 Hjj 0,4, Assafcetida = C,,j 1 1 „ 
Galbamim = C40 H^, O^o. Sagapenum = C40 H , ,() , ; 
and couijiderb it probable that, though no striking analogy among 
the imiioHal formulie for these resins is perceptible, bj which their 
analogy in phyttcal properties can be accounted for, they may pos^ 
sess an anatogoua raiional constitution which future reseaicfaea may 
disclose. 

Euphorbium consists of two resins, of which the more soluble, 
A, gave tile luriDula C40II31 Og. Klemi aluo consists uf two resins, 
of which the more soluble. A, is represented by C40 H^^ O4, and tlie 
less soluble, B, by Oi, as had previously been shown by Hese 

* Abstracts of the preceding series will be found in Lond. and Edlnb* 
Phil. Mag., vol. av. p. dSt7f andpresent vol. p. 147.— EaiT. 
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and Hose. Ilie Bdellium of commerce contains much gum, and a 
resin U40 

The redn of Benzoin pfetented peeolier difficulties when sob* 
nitted to investigstloii* from the ease with which it undergoes de- 
composition, even at temperatures much below that at which it melts. 
With regard to this resin, the author gives the following aa the result 
of his numeroti? analyses : — 

1. I hat the colourless resin of benzoin is represented approxi- 
mately by C^o Hj, 0„. 

2. That hj heat and dilute carbonated alkaliea it ie decompcHied 
into water, bensoic acid, a little volatile oil, and a resin C^oH^s O,, 
or U40 

3. That by boilinpf with (juickllmc, or concentrated carbonated 
alkalies, it givcii two renins, uiiein large quantity = C^oH^ O^i and 
another in small quantity = C^Q Hj^ O^. 

4. That by caustic potash the crude renn is resolved into two re* 
Bins represented respectively by C^o H«,Op, and C40 H30 O., of which 
the former is precipitated, and the latter remains in solution, when a 
saturated nqneons f^olution of caustic potash is added to an a l co b o ii c 
solution of the ci ihIl re^in. 

5. And that by oxide of lead two resins are separated, for which 
analysis gave respectively the formulae C^oH^^^b' C^qH^Oio. 

1^ author concludes by stating that such metamoiphoees are by 
no means confined to this resin, though the more accurate know- 
ledge of their nature, obtained by the imperfect study he has made 
of the rcJ'in of benzoin, has explninod many anomalies he had pre- 
viously observed, with regard to the relation? of the resins to the al- 
kalies and metalhc oxides. He considers the group of which dragon's 
Uood is the type, and which be r epre s e nts by the «z|nres8iaik 
C40 + ' to be peculiarly susceptible of modification (or 
decomposition ?) by the action of bases ; and he specifics among 
other results, -^ itli rrg-nrd to ivlnch it i« his intention to address the 
Society in a future paper, tiiat dragon's blood, of which the lump 
variety = C,, H^,, Og, and the drop variety (heated 10 300*^1".) 
= C^o 11^0 gives by the action of quicklime and oxide of lead, 
among other products, two resins represented approximately by 
C+oH^o^Jio and CfoH^oO,,? — ^that gulacum =C<oH45 0,o, with 
oxide of lead, gives a resin = C40 H^i O,,, tlie resin of jalap 
= C,„ H 0,„; by the action of the same oxide, a resin =C4oH34 0jo, 
and thnt of assafa*tida = C^oH ,,, 0,o, a new resin = C4oH23 0,5. 
These metamorphoses lead to the second great branch of inquiry 
respecting the nature and constitution of the resins. Certain results 
being estabUshed, at least approximately, with regard to the imiimml 
constitution of the resins» and certain general irrational formula; by 
which to exprc?" it, wc are prepared for the sttuh' of their rational 
constitution, 'i'hi-^ part of tlie subject the author proposes to con- 
sider farther in subsequent communications. 

8. Researches on tiie Tides. Twelfth Series. On the Laws of 
the Rise iod Fdl of the Sea's surfiee dumg esch tide. By the 
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Her. W. Whewell, D J)., F.R.S., Fellow of Trimty Golhge, Cam- 

bridge*. 

Til ' mntcriah of the present investigation are five months' tide 
observations made at Plymouth ; three months* observations made 
at Liverpool, under the direction of Captain Denhaia, H.N.; and 
twelve months* obaemtkms made at Brifltol, by Mr. Bimt, by meant 
of his tide-gauge. AoecHrdiDg to the theory of the tides, the height 
of the surface of the water at a given place will increase as the sine, 
while the time increases as the arc. Hence if the time be made the 
abscissa, and the height the ordinate, the curve representins^ one 
tide would be the figure of signa. The author on making the cum- 
patiKMi off tiie empirical curve of the rise and fidl of the water, de- 
duced from obaervation, with this tlieoietical curve, finds a general 
agreement between them ; subject to certain deviations, consisting 
principally in the empirical curv e indicating that both the rise and 
the fall arc not symmetrical, like the theoretical curve, in conse- 
quence ut the fall being generally more rapid than the ribe, and thus 
oecarioning a displacement of tiM snmmit of the curve towards tiiat 
hnnch ctf it which corresponds to the fall. 

9. Researches in Embryology. Third Series.— Additional Ob- 
servations. By Martin Barry, M.D., F.R.S.f 

Having in the paper to which the present is supplementary made 
known the fact that the gcraunai sput in the mammiferous ovum re- 
solves itself into cells, with whieh the genninal vesicle becomes filled, 
the author has since directed his attention to the ooiiesponding parts 
in the ova of birds, batrachian reptiles, and osseous fishes, which he 
finds to be the seat of precisely the same changes. The numerous 
spots in the germinal vesicle of batrachian reptiles and osseous fishes 
are no other than the nuclei of cells. The cells themselves, Irum 
their transparency, are at first not easfly discerned, and appear to 
have hitherto escaped notice; but after the observer has became 
aware of their presence, they arc, in many instances, seen to be ar- 
ranged in the same murtner, and to present the same interior them- 
selves as the corresponiiing cells in the ovum of mammalia. 

In the representations given by Professor Rudolph Wagner, the 
discoverer of the germinal spot, the author reeo|;Dizes evSlence of 
the same changes in ova throughout the animal kingdom. He con* 
firms and explains the observations of R. Wagner, that in the ova 
of certain animals an originally single spot divides into many, and 
that in tlie ova of other animals the number of spots increases as 
the ovum ripens. But he expresses also the opinion that in all ova 
there is originally but a single spot, this being the nucleus of the 
germinal vesicle or cell. 

The analogy between the ova of mammalia and the animal above- 
mentioned, extends also to the substance suiiounding the germinal 
vesicle, which consists of nucleated cells. 

10. Description of a Calculating Machine invented by Mr. Thomas 

• See Load, and Edinb. Phil. Mag., vol. zv. p. Sltfv-^-Bstr. 

t Ih'id., vol. xvt. p. .5%*. — Edit. 

Fh%U Mag. & 3. Vol. 17. No^ 111. Nov. 1840. 8 C 
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Fowler, of TorriDgton in Devonshire. By Augustus De Moigui, Esq. 

Communicated by F. l^-nilv. Esq., V.P.U.S. 

The arithmeticjil operations performed by the machine are those 
of multiplication and division ; the ^tors and |)roduct in the iur- 
mer esae« and tiie quotieiit, fitidend and diviior In tlie ktter, being 
ezpreised in digits of tlie ternary aeale of notation, every digit be* 
ing either — 1,0, or + i. In this system, unity being, in midti- 
j>lirntion, only nn iiKlcT, the nilc^ for multiplication and (H\n?ion 
must consist entirely in directions for the manogeinc lU of the .signs 
of unity, and it is on this principle that Mr. Fowler's machine is 
made to act. A short account is given of the principal parts of the 
naebine, and of the mode in which they bring out the final re a n l ti . 
It is necessary, however* in applying it to use, to have recoQiae to 
tables, both for converting the factors and reconverting the icevlt; 
operations which introduce both labour and risk of error. 

11. On the Minute Structure and Moyements of Voluntary Mus- 
cles, in a letter addressed to ii. 13. iudd, M.D., F.K.S., &c. By 
William Bowman, Esq., Demonstrator of Anatomy in Kuig^*a Col- 
lege, London, and Assistant Surgeon to King^e College Uo^td, 
Communicated by Dr. Todd. 

The objects of the autlior, in thi* paper, are the following. — Ist. 
I'o conhrm, under some niodihcations, the view taken of the jiriml- 
tive ftisciculi of voluntary muscles being composed of a solid bundle 
of fibrilln : 3dly. To describe new parts entering into tiieir com* 
position : and Sdly. To detail new obaervations on the medianin 
of voluntary motion. 

He first phows that the primitive fasciculi are not cylindiical, but 
polygonal thread* ; their sides being more or less flattened \vhcre 
they are in contact with one another ; he next records, in a tabular 
lorm, the results of his examination of their size in the different di« 
Tinons of tbe animal kingdom. It appears that the krgest are met 
with in fish ; they are smaller in reptiles, and their size continues 
to diminish in insecto, in mammalia, and lastly, in birds, where 
they the smnllefit of nil. In all these instances, however, an 
extensive range of size is observable, not only in different sjiecie?, 
but in the same animal, and even in the same muscle. He then 
shows that all the fibiillm into which a piimitiTe laseicttliis may be 
split, are marked by alternate dark and light points, and that fibrilbe 
of this deacriptioa eziit throughout the whole thickness of the fasd* 
cuius; that the Rpposition of the secrment*' of contiinin^is fibriUae, so 
marked, must form transverse Btrl;r, and that such transverse striae 
do in fact exist throughout the whole interior of the fasciculus. He 
next inquhres into the form of the segments composing the fibrillx, 
and shows that thehr longitudinal aifiesion oonstttates fibrUktt and 
their lateral adhesion discs, or plates, transmse to the lengdi of the 
fasciculus; cacli di^e being, therefore, composed of a single segment 
from every one of the tibrillae. He shows that these discs id ways 
exi.st quite as unequivocally as the fibrillne, and gives several exam- 
ples and iigures of a natural cleavage of Uie fasciculus into such discs. 

It follows that the transmse stria we the edges, or focal sections of 
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these discs. Several varieties in the striae ore then detailed, and the 
fdjct noticed that in all animals there is frequently more or less di- 
▼ersity in the nnmber of strus in a given space, not only on conti< 
guous fasciculi, but alio on the aame fittdcolus at different parts. 

The author then proceeds to describe a tubular membranaceous 
sheath, of the most exquisite delicacy and transparency, investing 
each fiEisciculus from end to end, and isolating it from all other parts ; 
this sheath he terms Sarcoletnma. Its existence and properties ore 
diown by aev«ral modea of demcnutiation ; and among others, by a 
specimen in whkh it is seen filled wiA paiasitie worms (lYichinis), 
which have removed all the fibrillse. The adhesion of this saioo* 
lemma to the outermost fibrillne is explained. 

It is also sliown that there exist in all voluntary' muscles a num- 
ber of minute corpuscles ot detinite lorm, which appear to be identi. 
cal with, or at least analogous to the nndei of the cells from whick 
the development of the iascicnli has originally proceeded. These 
are shown to be analogous to similar bodies in the mnsdes of or* 
gnnic life, and in other organic structures. 

The author next de^eribes hi? o)iservntions on the mode of union 
between tendon and muscle ; that is, on the extremities of the pri- 
mitive fasciculi. He shows that in fish and insects the tcudauuus 
fibcilbe become sometimes directly oontinnons with the extremitiaa 
of the feseieuli, which are not taper, but have a perfect terminal 
disc. In other cases the extremities are shown to be obliquely trun* 
eated , where the foscicali are attached to sai£ues not at right angles 
to their direction. 

Lastly. He states his opinion, and ^ves new facts on which it is 
founded, that in muscular contraction the discs of the lasetonli be- 
oome approximated, flattened* and expanded ; the fesctculi, of eouis^ 
at the same time becomii^ shorter and thicker. He considers that 
in all contrnrtions these phenomena occur; and he adduces argu- 
ments to show the improbability of the existence of any ruga; or 
zigzags as a condition of contracting iasciculi in the hving body. 
*Vhe paper is abundantly illustrated by drawii^ of microscopic ap- 
pearances. 

The Society then adjourned over the long vacation« to meet again 
on the 19th of November. 

OEOLOGICAL SOCIETY. 
[Continued from p. 309.] 

MINING RECOKDS OFFICE. 

A third department, which it is proposed to add to this establish- 
ment, is an olBce, for the preservation of such records and docu- 
ments rdatiDg to subterranean operations throughout the country 

are important to be preserved for the information of futui« gene- 
rations. 

To the keeper oi tin^se records w ill be assigned the duty of ar- 
™ngujg the documents which nuiy be transmitted to him from all 
parts of the kingdom, by any engineers, mineral surveyors, and 
proprieton of mines and coal works, who may be wilUog to 

2 C 2 
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send them; particularly mapa, aeetions, and under-groiuid plaiMy 

whicli will record the state or each uinet when it is aoaodoiied, for 
the information of those who at a future period may be disposed 

to bripf^ it again into operation. This office will be accessible to 
all pei-soiis interested in obtaining the information it will afford. 
To thia colleetiou several eugmecrs of most extensive experience 
in the mines of Newcastle a»i Cornwall have promised laige con- 
tributions. 

The keeper will malie copies of documents of this kind, which 
proprietors of mines, who cannot conveniently part with the ori- 
ginals, may lend, for the purpose of being preserved in this national 
collection. 

The public importance of such a recorda office was submitted to 

the Lords of Her Majesty's Treasury hy aComraltlee of the Britisli 

Association for the Advancement of Science, assembled at New- 
castle In August, 1838 ; it h(Aw^ notorious that great losses of life 
and de.-^ti uotion of property have resulted both at Newcastle and in 
other cool miuci> tlirougliuut tbe kingdom, from the imperfect pre- 
servation of reoordi of the operations previously conducted in thcm» 
and that still greater losses will inevitably ensue hereafter, unless ad« 
vantage be taken of the experience of living engineers and coal pro- 
prietors, who are willin'j to place in a public national repositoni'^ copies 
of the docuuH rjts they possess relating to their respective iiiines. 

In Ibdi'y the aUcntiou of the public was called to this subject by 
Mr* T. Sopwith*, an enunent ciyil engineer and mine surveyor at 
Newcasde; and this gentleman is preparing a practical book of 
instructions on the subject of drawing geological and mining plans, 
the conducting: of subterranean surveys, and eNnminine mineral dis- 
tricts, \vith a view to the presen'ation of such intonnation respecting 
the state of each mine at the period when it may be abandoned, as 
may be useful when farther proceedings are afterwards commenced 
therein, or in its vicinity* 

A museum of oeconomic geology, comprehending institutions of 
this kind, demonstrates, even to the unlearned, the advantages that 
result from science in its api)lication to the extraction of the trea- 
sures which Providence hai^ laid up in the rich storehouses of the 
interior of the earth ; and by exhibiting the results obtained from 
the elaboration of these materials, by the industry of man» in the 
workshop and at the forge, will afford a full and satisfartor}- reply 
to the question so often raised by persons to whom the vnlnc of the 
truths of pure science and piiilosophy, pursued for their own sake, 
are unintelligible, — and by whom everything is appreciated merely 
according to its immediate subserviency to the acquisition of 
wealth, or its ministration to the daily necessities or conveniences 
of human life. 

■ 

BUILDING-STONE COMMISSION. 

Another event which marks increasing attention to the practical 
importauoe of geology, is the publication of a Keport to the Commis- 

* 3ee Sopwith on Isometric Diawiog* p. 50# cf ssg. 
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tkmen of Her Majesty.s Woods and ForestSi from a Commission 

appointed by the Lords of tlie Treafur}* ; containing the results of 
an irifjiiiry into the qualities and durability of the various Building- 
8tont;s of this country, with a view to the selection of the best ma- 
terial to be employed in erecting the New Houses of Parliament, 

The nsiilta of this iaquiiy have been arranged in Tables, which 
represent the composition, colour, weighty size, cost, durability, 
of all the most important kinds of stone that have been nsed in an- 
cient edifices in England ; the Commissioners having judiciously 
appealed to that which is the most severe test of the durability of 
any stone, viz, the existing coudkiuu of the decorated architecture 
in our most ancient buildingp. 

The Noiman portions of tiie Church of Southwell, in Nottingham- 
shire, constructed of magnesian limestone, in the twelflh centorj, 
hare been found to nfford ;in example of <to\w which combines 
strength and durability with ai)plical)iiity to ornamental carved work, 
in a degree suipassing all other kinds of stone that have been em- 
ployed in the most ancient fabrics of this country ; the sharpest 
of the mouldings and carved enrichments of that church being 
throughout in as perfect a state as when first executed. The keep 
of Koningsburgh Castle, near Doncastcr, built al'^n of the mn^ne- 
sian limestonn in that viciiiitv, offers another proof of the durabi- 
lity of certain beds of this formation, exceeding that of any other 
building-stone in Great Britain, which is equally fit Ibf ornamental 
purposes. But there are also yaffieties of magnesian limestone, such 
as that of which York Cathedral is built} Which are in far advanced 
stages of decay, where they have been used for mouldings and ar- 
chitectural dtrorations. 

The general result of this elaborate inquiry into the durability of 
the different varieties of magnesian limestone is, that the stone re- 
sists decomposition in proportion as it is more pcdSectly crystalline i 
a result, tin c ause of which is further illustrated by the experi- 
ments of Professor Uaniell, which show that tlie nearer the magnesian 
compounds approach to erpnrnleul proportions of carbonate of lime 
and carbonate of magnesia, the more crystalline they are. 

No investigation has been made by these Commissioners as to 
the capabilities of granite, porphyries, and other kinds of stone, 
which are inapplicable to the decoration of edifices without enor- 
mous expense* 

The Report is followed by valuable tabular lists of the most re- 
markable ancient fabrics in Kntdand, specifying the materials of 
which they are constructed, and their various conditions of preser- 
vation or decay, as they are respectively built of sandstone, or of 
oditie, sheUy, or magnesian limestone. 

To these are added tables of the chemical analysis, weight, cohe» 
sive powor, specific gravity, and power of absorbing wator, of many 
of the building stones most largely employed in England*. 

• [It may be ndded, as evincing the strong Interest which this Report has 
excited, that its coiuenti bare been ipeiially illustrated, by one of the Com* 
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1 ooDfider this Report u of the higheit ▼aloe^ in ehmring the 
ffenenl advantageiwldch maybe derived from conuectijig eeientifie 

knowlediTf with practical arts ; and I trust we shall hear nr» niore of 
such discreditable and unfounded assertions a.s, not long ago, passed 
uncontradicted, at a meeting of an architectural society iu London* 
that Stonehenge is made of statuary nuurble. 

GE( T ornCAL COMMITTKE OF ENGLISH AGRICL LTUKA L .SOCIETY. 

Th( aj)[)ointmeut of a Geological Committee, by the English 
Agricultural Society, at tlieir meeting iu Oxford, in July last, ishows 
the sense entertained by that numerous body of landed proprietora» 
and cultiYaton of the soU of Englaiid, of the important services 
which may be rendered to them, by the application of geological 
knowledge to the improvement of the productive capabilities of the 
land. 

It is well known to geologists that an almost unbounded supply 
of mineral manure may be found in the sob-strata, which in very 
many districts are composed of ingredients different from thoie of 
the surface. So constant are the characters of many of the beds 
of the geol<Mjir al crroups which pass in long and narrow bands from 
one side of England to the other, that a single experiment, carefully 
conducted, on any one stratum of each formation, with a view to 
ameliorate its loil, b v an admixture of the ingredients of some other 
acyaoent stratum, wfll afibrd an example which may be followed with 
similar results in distant parts of the kingdoui, through which this 
same stratum pa.sses, in its course across the island. 

Experiments, therefore, conducted by the owners and occupiers 
of land, under the advice of this Geological Committee, aided by 
tiie ihdlitisa fw the analysis of soils now ailfoided by the laboratory 
of the Museum of CEconomic Geology, may shortly enable us to 
realize at least some share of the success that attended Lavolsier^s 
application of chemistry to agriculture in France** 

SCHOOLS OF CIVIL AND MINING BNGINEBRINO IN THB 
DNIVEESITIES OP DCRHAU AND LONDON. 

The inereasing demand for education in practical science has been 
recently provided for in the University of Durham, by the establish- 
ment of a course of instruction in Civil and Mining Engineering, 
witli lectures in the Mathematical sciences, Chemistry, iVIetallui^y, 
Mineralogy, Geology, Surveying, Mapping, and Drawing, in addition 
to Andoil and Modern Languages. To theoretical instruction In 



missionsfs, Mr. Charles Smith, in lectures delivered before the Society for 
the Encouragement of Arts, &c. and the Institute of British Ardiitects ; and 

S' Mr. DrByrey«in a Course on the Mineralo^ of the Arts, delivered before 
e Arehitectural Sodety, at one of the Fnday*Bveniog Meetinn of the 
members of the Royal Institution, and in two lectures expressly on the results 
arrived at bv the Commissioners, given at the Rn?sell Institution. — Edit.] 

* It was said of Lavoisier, that in ten years he doubled the produce 
of his land in grain, while he quintupled tiie number of his flodts* No 
doubt this lepwt is much exagfKatsd. 
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■ooh patti of thtn ImucIim of knowledm m betr mora ctpeeially 

on PhUitittLl Engineering, are added at Durham occasional survey- 
ing excursions, both in the field and underground, conducted by a 
practical civil engineer. More than thirty young men liave, during 
the last year, been M^velj engaged in this new department of aoar 
deuiical 6tudy.* 

The locality of Durbam, upoo the margin of the gieal Newcastle 

coal field, and in the vicinity of the lead min* ■> of Alston Miuir, and 
Weardale, is in a peculiar degree favourable for a school of mining 
and civil engineering; enjoyincr advantages of position similar to 
those of the great Saxon school at Freybei^i ueiu* the mining dis- 
tricts of the Ertzgcbirge and the Ilartz. 

The Univerrity of i^oodon abo ia taking measures to iiurtitttte 
ex uuiit itions of Caodidatea for certificatet of profK imey in Chni 
Engineering, and the arts and sciences connected with Mining. 

In Univrr-itv rolloj^e, T>nn(!on, courses of preparatory experi- 
mental lectuiess and exerci»e» in Natural Philosopi»y liave, during 
the last year, bccu provided for the students in that establishment, 
who are destined for the Profeasioa of Ciyil Eogioeen. 

And in King's CoU^e, London, a course of lectures in Civil En- 
gineering, and Sciences applied to Arts and Manufactures, is at this 
time attended by more than fifty st\nlt nt-, who hnrr the oppui tuiiity 
of adding practical tn thf oreticai knowledge in a woriudiop and la- 
borcUory establishud Jui tin ii use. 

SCHOOL OF MINES IN CORNWALL. 

Arioiln r proof of the direction of iniVilic attention to the col- 
IntfTiLl hraiiclir-^ of nnr ^rTrnrr hns. witliiii t!u' la'^t twelve months, 
been atlorded by itie eaUbli^thment lu Coi uwall, ul a sclioul for the 
instruction in Sciences and Arts connected with Miming, of young 
men who are to be engaged in c<mduciing the important aubtamp 
nean operations of that count\ . The want of such a school had 
been pointed out by Mr.Jf>liii i aylor, in hi:. Pi i)>[>ectus of a School 
of Mines in Cornwall, Fcbruai y 7. 1825,t uinl in hi«5 lu < ouls of 
Mining, published in 1829. It iia& at length been instituted chiefly 
througk the exertions and at the expense of Sir Chariet Lemon. 
Thia incipient aohooU and the UniTernty of Diirliam, form ahncat 
aolitary examples in Englarj<i. i f such scientific establishments at are 
nearly universal in the mining districts of the Continent. The 
expisriment has begun in Cornwall with Course's of Txettirc? in 
Mathematics, Mechanics, Chennstry, and Mineialugy, by tiii^e piu- 
fessors ; and a course of instruction, by a pmctical surveyor, Lu Al- 
gebra^ Drawing and the Use of inatnunenta s aad during the naatt 
year, atill further additaona are contemplated. 

* See Duiham UniTenitv Calendar, 1839, p. 111. [Bee alto aconunbni- 

citinn on this fnim it I v the Rev. Prof Chevallier ud PnAJdhniloayhlf 
Lond, and Edinli. vn!. -^TTi. p. 1- Edit.] 

[t The Prospectus here ailuUcd to wiU be found 'm PtuU Mag., kmt 
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POLTTBCHMte 90CIBTT OF OOimrALL. 

To the zealous exertions of Sir Charles Lomoiis and of many 
intelligont ami aetivo individuals at Falmouth, the county of Corn- 
wall is also indot)tod for the ^tablisiiment of a Polytechnic Sori* tv, 
"\vhicU, during the few years of its existence, has been attended 
with extraordinary success. One of its chief oljects is to encou- 
rage, by rewaida, the invention and improvement of machinery, of 
which so large an amount is essential to the working of the mioei«. 
Another object is to collect materials for expressing the quantity and 
value of the miiu ral and other j)rodnrf> of the county ; and to con- 
struct tables mdicatinp^ the dinunished longevity, and dis<-as«'s, 
which, ill a peculiar degree, affect the Cornish miners, and do uut 
]Mrevail amongst those employed in Collieries. It appears, fnm « 
paper pubUsbed In the Sixth Annual Report of this Society (18S9)> 
that the average duration of a miners life is less, by many years, 
than that of tlic agricultural labourer in the same district : the ap- 
parent cause-' of thi< frightful evil Ix ing liie inevitably imperfect 
ventilation ot maiiy ui the veins or lodes in which the miner works ; 
and, partly, the extreme fttigue of ascending from great depths by 
ladders, instead of being lilted by machinery, as the workmen are 
from coal pits : these fntl also are usually susceptible of more peiw 
feet ventilation, than the metalliferous lodes in Cornwall. 

The attention of this Society is strenuously directed to the dis- 
covery of remedies for these tremendous evils, wliich ati'ect no fewer 
than a population of 28,000 persons ; that being the proportion of 
the inhabitants of Cornwall, who are ocenpied in working the minea* 

LOCAL MUSEUMS. 

Another circumstance which marks the progressive advance- 
ment of public feeling as to the value of geology, is the increasing 
disposition to form local museums in our proviihBial towns. 

At the meeting of the British Association, at Birmingham, in 
August last, after a ?=trong expression of opinion, in the Section of 
Geology, HB to the benefit likely to accrue to sci* o i'nnn t\ie esta- 
blishment of Provincial Museums, for the local productions of each 
neighbourhood, the justness of the su^estion was ao ftiDv reeog* 
nised, that, in the adjacent town of Dudley, before five days had 
passed, a public museum had arisen from contnbutions, out of the ca- 
l)inrt«= of private collectors in thnt tfnvn ; presenting to the Asso- 
ciation a more perfect assembln^v tlian was ever seen, of the exqui- 
site organic remains tbund lu the iimestone ut that district, ^vhlcll 
has long been the classic type of a formatioo widely and abundantly 
distributed over the globe. 

About this time also a provincial museum was fbrmed at Bra]>- 
FORD, in a district abounding in splendid examples of the vegetable 
remains which pervade the Yorkshire roal H« ld : where the exten- 
sive coliicrica now wrought will lurni>h abundant materials for a 
collection, destined to illustrate the history of the extinct forms of 
vegetable life, which have produced the coaL 

The museum at Libds, also^ p oa eemes avahiahleooBe c tiop of foisO 
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vf>j?ptables from the coal field in its neighbourhood ; and the West 
liioiNG Geological Society, formed under the auspices of Earl 
FitswUtiani, on the plan of holding quarterly meeting Bi diffefent 
towns of the Riding in succession, is diffusing a taste for Geology» 
and affording ground for apprt^ dating its practical importance, to 
numbers of intelligent persons, whose loeal occupations, and property 
in the coal and iron mines, will enable them to enlarge the fossil 
Flora and Fauna of our country. 

BOTAL IK8TITUTI0N 07 SOUTH WALES* 

From the first Annual Report of the Royal Institution of South 

Wales, published during the last year, we learn that the Swansea 
Literary anrl Philosopitical Institution, hitherto siipported by the town 
and neigh l)ourliood, has been expanded, under Koyal patronage, to 
the whole southern division of the Principality ; and is now establish* 
ioe its Museum and Lecture Rooms in a hiurge and commodious 
ecufice in the town of Swansea, under the presidentahip of Lewis 
Weston Dillwyn, Esq. 

The pofiition of this Institution, in the midst of a great mining 
and manufaetu) lug district, is peeuliarly favourable ror collecting 
facts illM^trativt; of geological phaeiioiuena, more et^pecially those of 
the Coal formation ; and much has abeady been done by Mr. Logan, 
to develope, with extreme accuracy and minuteness of detail, the 
stratigraphical sac<^ssion of the rocks comp<^ing this formation ; 
and to sliow ihr nnniht r and nature of the events which attended 
their original deposition, as well as tho subsequent derangoments 
that have atl'ected theut. Mr. L. W. Diilwyn, also, is attempting a 
dftMification of the coal plants of the SouUi Wales Bason ; with a 
▼iew to ascertain, by means of a comparative collection in the Swan- 
sea Museum) whether there exists any specific diflferenoe between 
thoee of the upper and lower beds of the carboniferous series* 

BRITISH UmWUM* 

The accessions lately made to the British Museum form another 
subject, of high importance in our Review of the Geological Pro- 

ceedings for the past year. At the head of these is the purchase, 
from Mr. T. TIawkins, of an additifntnl series of the remains of fossil 
tSauriajis f rom the Lias formation ; which, added to his former eoliec- 
tion, already placed in this national repository, present an unrivalled 
series of species in the extinct families of Ichthyosaurus and Plesio- 
Mtinis, once inhabitants of Britain. Equally important was the 
acqubition, in a former year, of the unique collection of still more 
gigantic and not less monstrous Reptiles, from the Wealden forma- 
tion of KoiH and Sussex, obtained by purchase from Dr. Mantell. 
The possession of these several collections plaees the Museum, 
where it ought to stand, at the head of all existing repositories of 
organic remains, almost ezdusiTely the productions cf E^Iand ; 
and it is due to his late exertions, whilst Chancellor of the Exche- 
quer, that I should bear this public testimony to the services which 
iXNrd Monteagle has rendered to seiettce» by supplying the means 
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of plMing tlMM wimUfld eoUMiiaiii in auriiilianBl iqw i iiM i j % 
vhnv thmr oowtant pr ew mtttioa to tli« view ^ ili dwunad* «f 

dulv visitors csiinut Tail to attract inonMU^ attantiion totfiBiniB* 
deriul discoveries uf i'alsontology. 

These important public eveots, occnrring beyond our walls, and 
kaviag a direot and hDwediwte Umksiiej to colaige the field of our 
labonn, form an epodi in the hklory of ovr adenoe, and place 
G«'(jl()try before t!if country in ii iiew and more widely popular 
aspect than it had occupied bt-toro. The pa»t year has b^n also 
<fl»flngoiahed beyond aD piect di nt, by tho uiuiilMr and vdoo of tha 
OlDJbOOlCAL MAPS it has produced. 

CEOLOOICAL MAP OF CORyWALL AND DEVON. 

The first map which I shall uicntion, affords another example of 
the recognition by Government of Uif impurUncL' of our Hubjt ct, 
by their having attached a geological department to the Ordoaim 
wirvey of England and Wales. The first fruits of this aiypoint- 
ment are the spIiTidid Maps of Devon and Cornw all, and a part nf 
Somerset, coloured after the surveys of Mr. De la Bcchc ; atid it 
may be truly said uf them, that they are more beautiful in their 
eiecutioUf more accurate in their details, and more iostructive in 
the fleeonomieal and ■oieattfic information (hey give respecting 
iniiti rlirtn any maps yet jiublislied by any government in the 
woriti ; atiordiiig doeuinents to whicli we can at length with pride 
appeal, in reply to the rtproaeh that lias so louf^, with too much 
truth, been oaat upon us, that England alone, of all the oiviUsed 
nations, has abai^hmed to gratuitous individntil exertions, and tiie 
liberality of amateurs in science, the great work < f fxjtlorliig and 
delineating the mintnil structure of the count.) , aiid ascertaining 
the nature and extent of the sidjtcrrancous proiiuce, which lies at 
the foundation of the iodustry of its manufacturing populatioiif 
and to wluoih (bo nation owes no small pottioo of its weal 

The etatisttcal iniprirtnrrr of th-s f i-^t portion of the Ordnance 
Geological Map of Lu^l^ud will w uuly appreciated onlv by those, 
who know the extent of the property embarked in the mming inters 
Cfta of the Western counties, aod are aware that the utnou Tatue 
of (he nineial prodaoe of Comwatt end Devon alone haa leoendy 
amounted to 1,340,000/. 

lu the chapter uii CEcuiiuiuic Geology, which fonus part uf the 
Memoir connected with his Map of Cornwall and Devon, Mr. De 
hi Beche has placed, in a more prominent light than has ever vet 
appeared, the bearing of geoloneal researohee and ninend statistics 
upon political o r in ,;[,y ; and provcs, by tabular docunicnLA, the 
important fact, tliat liic average value uf thu annual produce of the 
mines uf the British Inlands anionntH to the enormous sum of 
2O,OOO.00OiL«, of which about 8,000,000^ arise ftom icon» and 
9,000,0(Xtf from oooL 

• See Omlocictil Report on Devon and Cornwall, p. 634. and note, 1839. 
la this estimate the valne of the oo|^>er is taken in tlie ore, before fusion j 
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Should thb inquiry be extended tiirough the eudless departments 
of irt> indiiifcry and oommeiee, which have thdr oiigin in the 
Buum&eloiiev of metalS) and in the power of steam, derived exelu- 
alvely from the application of coal, the vast national importance of 

mineral statist!*'-, and of model*, maps and sections, on whiVh alone 
their details can be eHectually recordedj must be apparent to every 
one. 

StiU mofe extensiye will be the statistical and political importance 
of the next portion of this great worlc, now in progress by the Bamc 
highly accomplished geologist, which is to comprehend the coal and 
iron districts of Monmouthshire and South Wales. 

OKOLOGICAL MAP OF KNGLAND* 

Yon have this day the satisfaction to see suspended in your meet- 
ing-room a new tdition of Mr. Greenough's Geological Map of Eng- 
land, which has for many years formed the glory of this Society. 
It is truly gratifying to observe how small a change this new edi- 
tion exhibits, ei^er in the general dispositions, which it represented 
nearly a quarter of a century ago, or in the <K>mpIicated details of 
the boundaries of the different formations. Some alterations appear 
in the Greensand scries, the Wealden, the Lias, and the New red 
Sandstone. The ^trincipal additions are the introduction of the Si- 
lurian divisions made in the slate rocks, by Mr. Murchison, in the 
border dij>tricts of England ^nd Wales ; uud the new distribution 
ve^ recently assifpoed to the date rooks of Devonshire and Com- 

A great improvement also has been made by the substitution of an 
entirely new Map of Wales and Silnria, founded on the Ordnance 
8urvt'%'H of those itgiuiih, of which no accurate physical map ex- 
isted at the time of Mr. Greenough's fint publication. Another 
improvement |n the ezeeution consists in the union of linear shadows 
with the colours representing the superficial eitent of the strata. 
The combined effects of these elmmts of expression, judicioudy 
employed, has been to exhibit, more distinctly, the subdivisions 
of formations, without destroying the unity of the general mass to 
which they belong. By the frequent introduction also of conven- 
tional signs, and figures of reference, Mr* Greenough has produced 
a more condensed assembhtge of seientifle infonnadoo, of varied 
kinds, than has been put together in any map of equal extent yet 
published. Extreme attention has also been paid to the phyr^ipnl 
features of the country, and in the orographic details more than 
500 heights are given. The hydrographic features also are deli- 
neated with scrupulous exactness. 

GEOLOGICAL MAP OF IRELAND. 

The last summer has witnessed the production of Mr. Griffith's 
large and splendid Geological Map of Ireland, containing the results 

that of the iron« lead« zinc, tin and silver, alter fosion, hi thdr first msr- 
IntsUe oomUtion— as pigs, blocks and ingots. The coal is nlusd at 
tibe pit's OMMitti. 
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of neariy thirty yetfi' iiif«rtSg>twii» by tiiat cniiMiit g wi l o gM fe 

and civil onj^inecr. 

Mr. Gritiith had supplied nn outline nf this map published in 
Uie Report of the Itailway Coiuinissioners lor Ireland, 1838. It is 
obviou8 that tlie iuformatioo thus cuuveyed, as to the nature of the 

nmteriib of whiofa the itbiid U coniMMed, lAbnlB the monk mMA 

basis for sound calculation as to the fatove impfOveOMlltof Ildand 
by the ajuiiigatioa of its natoial feioavoes. 

GIOLOOICAL MAP OF A LABGB PORTION OV BUROPK. 

Darioff the last year ve have ako witncMed the poblioatioo of 

a beautimlly coloured general Geological Map of GamaDy> France, 
and England, and parts of the adjoining countries, compiled irom 
th<^ lar'JTfr original maps of Von Buch, Elio df» Beaumonf, and 
(ircenougli, by Proie^sur Von Dechen, in oiic large sheet, published 
at Berlin.* This map exhibits the geological details of a larger 
oootiiitioos portion of the nirfiiee of tl^ eaith than haa erer berore 
been put together with so maoh exaetoeBSy and aet forth m such 
onineat authority. It also prists to the statesman and political 
cpconom!''t tlif most important portions of opntral Europe, tindrr the 
new ajspcct ot the natural divisions of the mineral formations, of w hich 
each countrv is couiuu^iiid ; showing tliat in every region the nature 
and diipoBition of toe Mbstnita & at the foundation, not only of 
its agrienltond productiveneea, but also of its capability of supplying 
the materials, which form the bans of its industry and arts. As an 
historical document, this map demonstrates the rapid pr o giass of OWP 
8Ci( nrc, nnfl tin state of maturity which it has nttaim d. 

Thus tar i have occupied your attention with external matters of 
eztraordiaafy interest in the Idtloty of oar science, which show 
that geoloeiesl knowledge Is spfanding its sslatny inflnenoe^ move 
wideqr and rapidly than heretofore, over the pnetical business of 
the country. T now proceed to con«;irIrr the rommiinioations nmdo 
to the meetings of our Society during the past year. 

[To he continued.! 

LIX. Jntelligence and Miscellaneous Articles* 

HOTS REFSRBEO TO IK THE ABSTRACT 0£ F£Of KSflOB BANISLL'S 

PAPFR, p. S54f, 

THE preceding considerations will furnish a satisfactory clue to 
the appai tiitiy anomalous origin of the currents in Becqucrd's 
ehNmits; when, Ibr eaample, nitrie aoid la tdsoed on one tide of a 
diaphragm, and sohitmn <tf potaasa on tiie other, platinnmdeotKidea 
being plaeed in either oell and the ciicnit completed, oxygen is 
evolved on the potassa side, and hydrogen shows itself in the acid 
by its secondary action. " Nitrate of potassa is of course formed at 
the junction of the acid and alkali. Now let us recollect what ni- 
ttate of potasM is in its electrioal relatiofis : it is an axinitrion of 00- 
immm (N + 60) + P. Aqaeo-nitrie acid is ahKian asMHsn 

* Schropp and C^ompany^ 1839. 
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hydrogen (N + 60) + aixd puta^ta ia oxide of potaseium (P 

+ 0). In their load aeljMi^^cieh oltacr, tlie add ii^ 
m boA decompoaad; tli« oodnstrion of the iaamtr eombiM witli 
th« metal of the lattor, eod witer it fsmed hf the union of the hy- 
dro^n and oxygen. This water there is no difficulty in regarding 
as a sepamte and secondary product, inasnuich as the salt is inoa* 
paUe of combiniug chemically with it. 

"When a cneoit, howefer, it fonned of proper condactors, the 
eompotttions and reoompoaitioiit take fdace urough a taiita of eon- 
necled partidct, at in the manner of all other electrolytic condue- 
tion : and the oxyp:ea and hydrogen, instead of combining together, 
as in the loc;il action, are respectively evolved at tlie zincode and 
platjuode. ThQ following diagrams may perhaps assist in explain- 
ing my notion of the origin and connexion of the current 

d^6>^(N + 60) H (N + 60) H (N + <0)il 

*' Let O P and + 6 O) H represent the two electrolytes on the 
oppoiiitc sides of the diaphragui A ii before tiie action ; after action 
Mt commenced tfae^ may be repreteated tbat : — 



NSW COMPOUND OP VUITINA. 
MeMTB. Rogers and Boye have stated to tlie American Philoso« 
]>hic!il Society the exigtencc of a new compound of platina. It it 
prepared by evaporating a solution (jf platina in aqua regia to dry- 
ness, and adding in small portions at a time a great excess of aqua 
regia. Hie cooipoimd may he that xaadily oStaiaed by filtration, 
and pnetring the powder between fdldt of blotting-paper. If the 
concentration ' >f the lu|iiid be carried too far, it it neoettaiy to add 
just as mucli water is "ufficient to keep the mn^" in a semifluid 
state, and to prevent the precipitation of the deutodiioride of pla* 
tina. 

The salt is perfectly well characterized, and is composed of deuto- 
chloride of platimi aad mtrie oidde. It it of a gamboge yeUow oo- 
lonr, and cryttallizes distinctly, though en aoctmnt of the i^mall- 
nees of the crystals, their form has not been yet determined ; it is 
verv deliquescent, and absorbs atmospheric moisture at common 
ti [iijiLriiturti; widi great avidity. It is rapidly decompo ed bv the 
mere addition of water, which causes a brisk eilervesceucc of uiUic 
oxide, and deotoehloride of platina reouina in aolntioo. 

When thit compoond it heated to213^» it does not yield its oooa- 
bined water. In order to determine the quantity of platina and 
clilorine, the «alt was fused with carbonate of potash, and the platina 
thus obtJiined was weighed, the chlorine was then precipitated by 
a solution of nitrate of silver. The quantity of nitric oxide was 
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determined by introducutg a portion of the salt into a graduated 
tulx-, iiivi rtcd over mercury, and by decomposing it with walv. 

Tlie jumui <tf o^ennMata parHoniied in diftrant awdet gne w 
Aft wnpovtioB of iSbh mYmtiaott 

Chlorine 43'89 

Nitric oxido • 4-98 

Pltii:. 41 '26 

Water and loa. 9-S7 

100. 

BLUE OXTDE OF TITANTTTM IN SCORIJE. 

In analysing the blue scoriec of different countries, M. Kerstea 
found smallquantitiesof titanic acid, and that those scorin possessed 
a bine coloor tiiaikur to that of the blue oxide preiwred in the dry 
vmy: he pretuoned, therefore, Oat thk colour, lutcid of being 
derived from the protoxides of iron and manganese, which some- 
times occur iu them, might be owing to titanic acid [oxide ?] . Ac- 
cording to the facts above stated, it is very probable that titanic acid, 
which occun very often in the oret of inn, alter having been dia- 
lolved and scorified daring fbe operatkms of die Vbut'fbniaoe, ia 
reduced to the stiite of oxide by the fn?cd iron, i^imilarly to what 
occurs in the humid way with solutions, and as has happened in se- 
veral preceding assays. If this assumption be well founded, it 
ought to be poiaible, with the aobetanoea omalfy contained in tiie 
Bcoria and with titanic add, to reprodme Une f^an on flte HnaH 
scale. M. Kersten succeeded, not only in fusing together pilira, 
lime, alumina, titanic acid and iron, all of them pure, and in pro- 
ducnag earthy glasses of a blue colour, resembling the hlnn aearia 
of una* bat also anooeeded in obtaining them with the aamie eutba* 
titanic add and Kmc free from iron, or ^rith pore tin. 

M. Kersten, therefore, concludoh from tliese researches, that the 
blue colouring matter of many iron sconce is the blue oxide of ti- 
tanium. This blue oxide deserrcs some attention from its applies 
tion to the arte* and the author eodeavoured to procure blue ena- 
mels upon povodaia by using' it ; and Aotigh they were not so fine 
OS those of ootlBlti my nio^t nearly approidi OMaiv— ^'/Mlto^ 
No. 853. 

ON TOM VEOTBlir Of TBS CEYlEaiXm KUHOUB. 

This substance was discovered by BerzeiitiB, and a ccoi dll ig to 
him it ooaatitateBS5'9 per cent, of tin aryatalline humour, anddoaa 
not become, like albumen, a coherent mass by coagulation, bat * 
granular one. In other ref-pects its propertie.oi are similar. 
This new product may be obtained as follows : — 
Tba oyitalline humour is to be carefully separated Arom fifty ex- 
eyea, they are to be waahed, the oella torn, water ia to be added 
md filtered, llie liqaor heated in a water-hath aoon eoegolatta 
and deposits clots. After drying, the pounded maps was svihjectcd 
to the action of akobol and water, and boiled ; after tiua it waa 
dried at iaC'FUimifaHt. 
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Thus obtained this substance Ib "T/bke, and possesses all the pro* 
pertiM of albumen, but is not easy to pulverise it. When it is put 

mto a solution of potash in Pt «ilver vessel, the silver is blackened, 
which shows that it contains free sulphur : it contains no free phos* 
phorujs. 

The oompoeitioik of the dyitBlluie humour [protdn?] is Bteted to 

be 

HydrogeD.,,. 6*94 or 62 atoms* 

Carbon 55 89 — 40 — 

Oxygen .... 211 6 — 12 — 

Azote 16 54 — 10 — 

The quantity of sulphur is in the proportion of one atom to fifteen 
atoms of pfRiteiii* 

The entire crystalline homonr distolTed in nitrio add, minced with 
a solution of nitrate of iron and precipitated by ammonia, furnishes 
the same quantity of phosphate of lime tts a hydrochlorir solution of 
the same substance. The phosphoric acid is derived from tiie phos- 
phate of lime ; the substance therefore contains no free phosphorus. 

If tlie oiystBllite hnmonr in a very dry state be put intosulphurie 
acid, it SW^ls, and is contotted into a trans])arent gelatinous mass, 
like the protein of caseum. fibrin, &e. By the addition of water it 
contracts and yiplrl« n hard powder. 

The author concludes that the principle of the crystalline humour 
is protein, for it possesses the same composition and atomic weight 
as die pore protein of sUbomen, fibrin, csBcmm, kc^^mtnmdi 
Cim. JM^, AM, 1840. 
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Oiiswick. — Sept. 1, Fine. 3. lUin. 4. doudy : ndn. 8^ 6. Fine. 7.8. 
Very fine. 9. Hmy. 10 — 1 3. Very fine. 14. Haiy ; heavy rain. 15. Cloudy : 
run at tnght. 16. Rain, with brisk S.W. wiad : barometer exceedingly low. 
17. Very fine: frosty at night. IS. Frosty haze : very fine. 19. Cloudjr and 
cool. 80. Fine. 21. Fine: rain. 'J'2. Heavy rnin. 23. Rain: clear and fine 
at nixbt. 84. Heavy showers. 25. Cold and wet. HQ. Overcast : rain. 27. 
CMdf Old to. M>Hmwfnhi, S9^90. CItsrsadtoi 

Boston. — Sept. 1. Cloudy. 2. Fine. 3. Rdnt ffda«ntyA.ir. 4 tf. Wbm, 

7. Cloudy. 8. Fine. 9. Cloudy: rain early a,u. 10. Fine: rain early a.m. 
11, 12. ^ne. 13. Fine: rain p.m. 14^ Cloudy. 15. Fine. 16. Fine: rain 
«iny A.iE.t Bain ffiW. 17. Cloudf t nrfa Mrijr A.ir. 18. Ffauis nin VbM. 19, 

Cloudy. 21. Cloudy: rain p.m. 22. Stormy and rain: rain a.m. 23. 
Bain : rain early a.m. 84. Fine : rain early a.m. 25. Kain : rain early am. : 
nlDA.M. M. nuts rain Ml. 97* Flee* S8. QmmI j. tS. FIm: nun ijc* 
SaffaMh 

j1pr,'r:-nr(h ^frrue, Dumfrki-fhirf. — Sept. 1. Fine harveat dmr: air electric. 

8. Kain from midday. S, 4. Showery. 6. Fine and dear. 4b Km bmt dkwdy. 
7. FlMteAvdMpaof nia. e. GM«d^A.M.t ntevwit. & Watt dMMd apt 

wet again. 10, 11, Occasionnl lie ivy nhowcrs. 12. Moist, but moderate. 1.3. 
Hm same : one shower. 14. Fine and dear. 15. Cold and showery. 16. Haia 
A.iff. 17,19. Vaiyto. 19. Flna i.if. : BMht mi. sa FlMiA.if. SI. flua 
iUM. : showery. 22. Fine and dry : thunder a.m. 23. Bafo. SM. Vina and 
h^T. 25—27. Very wet 28, 29. Moist. 3a Showery. 
Sun tbone out 28 days. Bain feU 81 days. Thunder 1 digr* 
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LX. On the Minerals found in the Neighbourhood of GiasgaWm 
Thomas Thomson, F.rS, jv-i Regius Professor 
cf Chemistry in the University i^Glasgaw** 

TJERIIAPS there is no part of Great Britain, not even ex- 
cepting Cornwall, or the mining counties of the north of 
England, so rich in mineral species as the neighbourhood of 
Olittffowy if we include under tliat appellation Lead Hills 
and wanlock Head, and the ranges of mountains on both 
sides of the Clyde, constttnting the Kilpatrick hillsy and the 
ranges of hills behind Ghreenooc and Port Ghisgov, extending 
as tar as Kilmacolm. 

The mines at Lead Hills began to be wrought during the 
reijjn of James IV., under the name of gold-mines, and it is 
said bv Boethiiis that he extracted from them a considerable 
treasure. The jaspers, rubies and diamonds which Boethius 
describes in glowing terms, were doubtless the diflcrent species 
of lead ore which still exist in these mines, namely, the sul- 
phate, carbonate aiul phosphate of lead, leiiuu kuble at once 
ibr the beauty of their colours, their figure and their lustrcw 

In the time of James V. Lead Hills was a lead mine, as it 
u at present; and it is particularly described by A^ricola in 
his celebrated work, De re metattica. Now Agrioola died in 
the year 1555. 

Becher, who first attempted to establish a theoiy in che- 
mistry, visited the Lead Hills mines in the year 1682, and ever 
since riiat period they have lieen wrought to a considerable 
extent 

• The principal ore at Lead Hills is galena or sulphuret of 

• Rend at the British Atioeiattoii at Glasgow, and now commuiiicatod 

by the Author. 

Phil, Mag. 3. 3, Vol. 17. No. 112, Dec. iSiO. 2 D 
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lead, which occurs in the mine in all the different varieties 
which that prolific mineral is known to assume. The n ni^ue 
of the vein which accompanies the ore is niost cnir.nionly 
sulphate of bar^tus, uhicli occurs in abuiidaiice, and in a 
State of great purity. Calcareous spar also is commuii, and 
arragonite is met with in verv beautiful ciTstals. 

BeudeB nlena, so fewer than nine ipeoies of hM ore oo* 
cur in Lead Hills, some of which have not hitherto beoi ob* 
served anywhere else. 

Of these nine species I may take a short review. 

1. SulpheUe of lead. — Beautiful specimens of this species 
of lead ore occur at W»nlock, crystallized, and perfectly 
white. Tiie ( I vsiiil is a riglit rhombic prism, and the lustre 
is adamaiitinr. I ui I think less so (hnii that of carbonate of 
lead. Macelian, in hi? English edition ot Cronstedt's Mineralogy, 
published in 1788, says, that this species was discovered by 
Mounetf but I do not find any allusion to sulphate of lead in 
Monnefs Mkieralq^iey published in 1779; so that the dis* 
ooverj of its composition roust have be^ later than that pe- 
riod* Klaproth fint aubjeded this mineral to anaijiit in 
1809.. The specimens which he examined were from AlH 
i^Ii soy and from Wanlock Head. I analysed a specimen from 
WanlookHead, and found it contained no other foreign matter 
tluui a trace of water* It oonstitutai one of the rarest of tha 
ores of lead. 

2. Carbonate of lead.' — This species is much more abun- 
dant than the last. U oecnis pit tty frequently in cry*.tnU, 
constituting right rhnnihic prisms, considerably n^sore ohli(jiie 
than those ui liic suiphaiea: liie composition ot cui bonaie of 
lead ore was known to Momiet in 1779. It has the diamond 
lustre in s reat p erfca t i en. Tbia ipecies» when made artificiaily, 
k a w«U4tnown pamt called wkut^kxuL It waa first analjced 
by KJaproth in 1808. The specimen which he enunined waa 
from Lead Hills ; I analjaed a very fine cnrhtal from the faoM 
locality and fimndit a pure carboAale oi leady with the es* 
ocption of a mere trace of water. 

3. Cupreo^sidphaU of lead. — This species of lead ore wa^ 
first noticed by Mr. Sowerby, and so far as I know, it has 
been hitherto met with oidv nt Lend Hills, it lias the colour 
of tlie finest spcLitiieiis ui blue earbonute of copper. Its 
shape a[i})roac!ics very nenrlv to that of sulj»halc ui lead. 

Mr. Brooke .uialysed a iew grains of it, and found it com* 
posed of one atom sulphate of lead, (Hie atom oxide of oopper» 
and one atom of water. By dM kindnesa of Mr. Browa, I 
got a specimen sufficiently large to enable me to subject it to 
analysis; the specific gravity was 5*S 187* lobtainea 
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Sulphate of Itad 74<'8, or 1 atom. 
Oxide of copper «•« 19*7, or 1 atom. 
Water 5*5, or 1^ atom. 

106*0 

It is therefore a conipouiKl of one atom of sulphate of lead 
and one atom of hydrate of copper. The blue colour shows 
that the uxide oi copper which k contains is combined with 
water. 

4. &dphafe-earbonate of lead* — This species has been 
hitherto observed only at -Lead Hills^ at least so ft r as I know ; 

the colour is yellowish or greenish white; it is usually crystal- 
. lized in oblique four-sided prisms. Mr. Brooke analysed it 
and described it in 1820. By. the kindness of Mr. Brown, 

I got ii sufficient quantity of it to subject it to analysis. I found 
the specific gravity to be 6*3197, wlyirh is rather less than 
that given by Mr, Brooke. My analysis agrees very nearly 
indeed with that of Brooke. I obtained 

Carbonate of lead 46 'O* 

Sulphate of lead ... 53 ' 96 

100*00 

showing that it is a compound of one atom of carbonate and 
one atom of sulphate of lead combined together. 

5. Sulphato-tricarhonate of lead*^Th\s species is also pe- 
culiar to Lead Hills. It was first noticed by Bournon. Mr. 
Brooke described and analysed it in 1820. By the kindness 
of Mr. Brown, I was enabled to subject it to nnalysis a few 
months ago. The lustre is splendent, and t!ie colour yellowish- 
wliite. It occurs crystallized both in rhomboids and prisms. 
I lound its specific gravity exactly 6*000. Its constituents 
were 

Carbonate of lead 72*57, or 3 aloms. 
Sulphate of lead 27*439 or 1 atom. 

100*00 

This almost coincides with the previous analyses of Brooke 
and of Stromejrer, who also subjected this mineral to analysis. 

6. Phosphate of lead, — This species occurs in Lead Hilia 
and Wanlock Head in considerable quantity, and exhibits a 

variety of colours, chiefly green, yellow and brown. It is 
frequently crystallized in six-sided prisms, !)iit more commonly 
in these inmes in cauliflower-like vegetations. 

it is curious that pho'jpliate of lead lias never yet Ijucu 
found native except mixccl with chloriile of lead. The pro- 
portions vary somewhat; but the average may be stated one 

2 D 2 
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atom of chloride of lead and eight atoms subsesquiphosphate 
of lead. There is usually a small quantity ot" oxide of iron 
present, to which in all pmbalnlity the colour ot the mineral 
is owing. 1 exumintd live specimens of this mineral from 
Xiead HUls; the average quantity of chloride of lead-in tfaeni 
was 1 0^ per cent ; the average quantity of protoxide of iron 
was 1^ per cent. ; the rest was a oompound of 1^ atom of 
oxide of lead and one atom of phosphoric acid. 

The colour of these specimens was grass-green, o1ive>grecn, 
yellow and brown. The specific gravity varied from 6*70016 
to 6*5781. None of them contained any phosphate of lime. 
This was the cnsc niso with the specimens analysed bv Wiihler 
and Berthier, and with those that Klaproth had analysed. 
But .^ome years ago Mr. Charles Ker.sten of Freyberg pub- 
lished an analysis of seven specimens of phosphate of lead 
from various localities, dve of which contained phosphate of 
lime, varying in the different specimens from 12. per cent to 
0*59 per cent. The specific gravity of these specimens, which 
contain much phosphate of lime^ is lower than of the others* 
That which contains 13 per cent, has a specific gravity of 
only 5*098. 

Some months ago I got two specimens of phosphate of lead 
from Mr. Brown, locality Lead Hills, still lighter thnn any 
I had before seen. The first specimen was of a light greenish- 
yellow c(;l(nn , and a slaty texture, and had a specific gravity 
of only j; .;()6. It contained no less than 15 per cent, of 
phosphate of lime. 

The other specimen was dark-green, and constituted a bo- 
tryoidal concretion upon the surface 'of the first kind. Its 
specific gravity was 5*970, and it contained rather more than 
nine per cent, of phosphate of lime. 

From the great difference of the quantity of phosphate of 
lime in different specimens, it would seem rather to be me- 
chanically mixed with than chemically combined with the 
ph OS}) hate of lead. 

7. Cupreo-snlphato^carbojiafe of lead. — This is the scarcest 
of all the ores of lead whicii t»eciir at Lead Hills. It has 
a fine green colour, precisely like thai ai malachite, and 
occurs most frequently in mineral crystals, having for their 
primary form, according to Brooke, a right rhomoic prism 
with angles of BSP and 85^ It was first noticed by Mr. 
Sowerby under the name of green carbonate of copper. It 
was first described and analysed by Mr. Brooke in 1820. 

I could only employ for analysis 3*29 grains of this mineral ; 
but as the analysis is simple, and I employed every precaution 
I could think of to avoid error, 1 have reason to believe thax 
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the result approaches pretty near the truth. The specific 
gravity by my trials was '^'OOO, but the specimen was not ab- 
sdluMy pure. 

From 3*29 grains, I obtained 

Sulphate of lead .... 1*74 
Carbonate of lead . • * 1*05 

Oxide of copper . . . 0*44 3*23. 

The 0*06 gr. wanting to make up the original weight was 
iureign matter and water. 

According to this analysis 100 parts of the ore would have 
given Atoms. 

Sulphate of lead.. . 52 '88 1*46 li 

Carbonate of lead • 31*91 1 I 

Oxide of copper • . 13*37 1*4 1^ 
Impurity and water 1*84 

100 

Mr. Brooke supposes the copper to exist in this mineral 
in the state of carbonate^ but the result of the analysis just 
stated, is quite inconsistent with that opinion. It would, 

however, be desirable, in order to be quite certain, to repeat 
the analysis on a larger quantity of the mineral than I could 
procure. 

8. Chvomo-phosphate of lead—'Vlns beautiful mineral cx- 
iistii in the Wanlock Head mine in considerable (juantity. It 
has a beautitul orange colour, without any of the red tinge 
which characterizes chromate of lead. It is often in cauli** 
flower concretions ; but it occurs also crystallized in six^^ided 
prismst constituting the common form which characterizes 
phosphate of lead* I ascertained many years ago that this 
beautiful orange colour which distinguishes this ore was owing 
to the presence of about two per cent, of chromate of lead ; the 
rest was a mixture of subse^iquipliosphate of lead and chloride 
of lend in nearly the same proportions as in the green va- 
rieue . 

9. I'unaflifite of lead. — This very rare ore has hitherto 
been found only ni xMlxico and at Lead Hills. It was ana- 
lysed in 1804 by Del Rio, who announced tlie existence in 
it of a new metal. This was contradicted by Collet Des- 
cotils, who affirmed that what Del Rio took for a new metal 
was chromium; and certainly the resemblance between 
chromium and vanadium is considerable. 

The specimens in my possession I got several years ago 
from Mr. Doran, an Irish mineral dealer, who told me that 
he picked them up in an old neglected lead mine in the county 
of VVicklow, in Ireland. But there is reason to suspect that 
he was mistaken. 
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The colour is light brownish yalloiVy and, like phosphate of 
leid, it 18 crytalliMcl in nMided pmns. 

My spedmen was analysed a good many years ago by my 
nepbewy Dr. R. D. Thomson, who Iband it a compoand of 
1 atom of chloride of )ead» and neaily 9 atoins of aeaquifa* 
nadiate of lead 

Besides these ten species of lead ore which occur at Lead 
Hills or Wanlock Head, there are found also native copper 
and nialachiti.% or hydrous dicarbonate of copper; a bcaiitifu) 
grecii-colciuied mineral often crystallized, and when large 
speciiiicni, occur, as the well known ores from biberidi they 
are often cut into ornamental tables, Sec. 

The Lead Hills malachite is rather a dark green, but the 
specimen of it snbjected to analysia-ma very nearly pnre. 

Lead Hills also contains specimena of blende or aulpharet 
of zinc. By far the finest specimens of hydrous silicate of zinc 
which I have aeen» are from Lead Hills ; they consulate beau- 
tiliil wbito cnuts or plates. Ita apecific gravity is 8*1645| aad 
ita constituents, as determined by analysts* are 
ica ••••••••• 23*2 X 

Oxide of 66-8 1-12 

Water 10*8 082 

100*8 

or it is a simple silicate of zinc with rather le^a thau an atom 
of water* ItiscniionsthitfaiaUtlieanalyseaof this mineral 
hitherto made the water never amounts to an aioin« In tliat 
made by Mr. Smtthson the water was only 4-^ per cent By 
Beraelins^a analysis in ISl^ it amounted to per cent, ana 
in one analviia of a specimen from Lead Hills it was 10*8 per 
nent^ or almost 1 Ijper cent. The probabUitv is that it un^ 
dergoes a kind of efflorescence by keeping, and that originally 
the water in the ore was exactly an atom. If that iippoiilion 
be correct, the water t)i iuiiKiiU n\\\ii be 13,- per cent. 

The Kilpntrick hills, wliicli Ijuuiul the valley ot the Clyde 
from the Sti ckty nmir to Dumbarton, and also the coi re- 
sponding but iuwer range on the south side of the valley aic 
composed of various trap rocks, among which amygdaloid 
ia pretty common. Now amygdaloid is a rock full of almood- 
tliaped cavities of variona siiest usually filled up by crystalp 
lized minerals, many of wbicb^ though not the wnolei belong 
to the beautiful tribe of zeolites. We mayi therefore, divide 
the minerals found in these mountains into two sets: 1. The 
KeolilcSf ao called because tfaey froth before the biow-pipe^ 
and tbiy owe this finotbing property to the great quantiQr of 

* Records of Geaeral Sdsnce, vol. i p.3C 
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water which they coiiuuu, and which is easily driven off hj 
heat. 2. Minerals nearly destitute of watar» which in general, 
thoi^ not in all eaaaii axtit in groaltr qiiaatitiat uan the 
MoUtesi and nay be oA»i\oon«id«rod as oonstttuiing an inta- 
grant portion of kba aobstanoa oftha mounUun in woidi tbigr 

occur. 

The aaolites, including under the term one or two mineral^ 
which agree with them in containing water and in the way in 

wliich they ocrnr, amount to about fifteen species, and there 
are several which iii r peculiar to these mountains, or at least 
have not hitherto been met with anywhere el^e. 1 fUiaii take 
a short view of them. 

1 . Stellite.— This species has hitherto been observed only 
in tlie 1 ill ul a greenstone rock iiituated on the banks of the 
Great Canal, a little to the east of Kibytli, The rock had 
been blasted* and a flood deal of it broi^ht to the neigbbovii- 
bood to mend the hone-path of the canaU My ton aoci* 
dentally observed the 9UUU€ aa we were walking on the banks 
of the canal, and drew my attention to it. 

It is anowowhite, and always in cr?stal% which issue like 
rays from several centres. Eacli circle of crystals is firmly 
attached to the rock. The shape of the crystal c;ninot easily 
be determined, Iroin its simall sizn and irregularity of form. 
It is rather harder than calcareous spar, and has a specific 
gravity of 2*612. This exceeds that of zeolite in general, 
siiowing tliat it coiilaiiis less* watei ihaii uiObL others. But it 
agrees with the zeolites io melting with effervescence before 
ua blow^pipe into an ettamal. it is eonposed of 4 Cal fi^ 
AI S-l-^i Aq» aeoording to tfaa analysis of myaiif 
and Dr. R* D. Thomson. 

9« 7%om5on»ite^^Thi8 mineral, together with the three thai 
are to follow it, were confounded together by Cronstedt un- 
der the name ofzeoUU, in his paper on the subject published 
in the Memoirs of the Stockholm Academy for 1756. In 
his Mineralogy he attempted to subdivide the zeolite into 
specie*:, but his descriptions are too imperfect to enable us to 
recognize the minerals to which he alludes. Weruer after- 
wards divuiuti the zeolites into needle^Lone, radiated zeolite 
and foil ale J zeolite. Huiiy afterwards attempted a more exact 
arruiigc nient, and divided theaeolit^ into twospecie8» which 
he distinguished bj the names of mao^j/pewod $H«nte» In 1817» 
Fnchsaml Oehlen made an aoeorate ebemical analysis of a 
number of seolites, and showed that the mesotype of Haiiy 
contains three distinct speeiesi which they distinguished by the 
names of nairoUtefmuolite and scolezite. In 1820, Mr. Brooke, 
without being aware of what had been done by Fuchs and 
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Gelilen, showed that the mesotype of Haiiy ought to be di- 
vided into three spedies, which he distinguished by the names 
of mesotype, neecflestone, end Thomsonite* The first two of 
these constitute the natrolite and sc^lezite of Fuchs and Geh- 
len; but the third is a new species, which Mr. Brooke first 
described. He showed that these minerals differ in their 
crystalline shape and in their specific gravity ; Thomsonite 
bein^^ the heaviest, and natrolite or mesotype the Hi^htest. 

Thomsonite n beautiful iiiuieral, and Is railiur abundant 
both in tlic Kilpatrick hills, and those on the south side of 
the Clyde. W hen pure it is siiow-white ; llie crystal is a i ifrht 
rectangular prism. Tlie lustre is vitreous, and the spcciiic 
gravity is about 2*37» according to Brooke ; thougii I have 
S>nnd it as low as 8*^9. Before the blow-pi^ It swells. It 
contabs about IS per cent, of water, and is composed of 
S Al S + CalS+2jAq. 

There is a curious variety which occurs at Ballimonyi in 
the north of Ireland ; its colour is brown, and it is not cry- 
stallized. Its specific gravity is only 2*29 ; but its chemical 
analysis shows the same constitution as the Thomsonite of 
Kilpatrick*. 

There is another variety which occurs at Port Hush, wliich 
deserves attention. It constitutes small spheres about the 
bize oi a pea in an amygdaloiclai rock; these spherules arc 
composed of needles radiating irom the centre to the ctrcom* 
ference. Colour whit^ with a slight tinge of yellow ; translu- 
cent. Lustre vitreous* Specific gravity 2*366, and it is rather 
softer than common Thomsonite. It froths before the blow» 
pipe, like the other zeolites. Its composition is the same as 
that of Thomsonite ; but its proportion of alumina is rather 
less, and it contain^; fi\ per cent, of soda^ and the proportioii 
of water is less. It we reckon 

Thomsonite S Cal S -I-13A1S -f 10 Aq, the Port Rtish 
mineral will l)c .'S Cal S + 12 Al fc> -t- N + 8 Aq. 

My son, to whuni 1 was indebted for the chemical analysis 
and description of this mineral, distinguished it by the name 
of Scoulerite, in honour of Dr. Scoufer, to whose zeal and 
abilities the mineralogy of Ireland lies under so many oblige^ 
tions. 

3. Nairoh'te.^ThiB mineral constitutes the mesotype of 
Brooke. The name natrolite was first applied to a yellow 
mammillary variety from Hogan, near Lake Constance, in 

which he discovered i)o less than 6} per cent, of sodn. When 
pure it is quite white, and the crystal is a right rhombic prism, 
deviating by only 1° 10' from a rectangular prism. The 

• Analysed by Dr. R. D. Tfaonson. 
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prism is commonly terminaietl by eight iaces, constituting two 
four-sided prisms of different inclinations. 

It coDtains aboat 16.^ per cent* of soda, and 9^ per cent, of 
watert The other constituents are silica and alumina. 

Its oonstitutbn is 8 Al S +N + 2 Aq. 

Mesolite» — Natrolite in a pure state, that is perfectly 
destitute of iime, is uncommon in this neighbourhood. Al- 
most always we 6nd a mixture of soda and iime constituting 
the mcsolitc of Fuchs and Gehlen ; they gave it that name 
because they considered it as intermediate between natrolite 
and scolezite, or composetl of an integrant particle of natro- 
lite united to an integrant particle of scolezite. 

Mesolite is abuiiilant botli in this iocallLy and in various 
other parts of Scotland, wliere tiap rucks occur; and we 
find it in two different states. 

(1.) In Ibur-slded prisms generally united so firmly to each 
other, that we cannot easily separate them. Fine specimens 
of this variety are found at present at Bishoptown in Renfrew- 
shire, where a hill is pL rfu rating for a tunnel» constituting part 
of the Greenock and Glasgow rail-road, at present forming. 
This variety approaches very nearly to natrolite; since it 
contains only 1^ per cent, of lime, while there is no less than 
1 3 \ per cent, of iKKia, and a small portion of potash. If na- . 
troiite be 

3 Al S -f- N + 2 Aq, 
this variety will be 

3 Al S + (Jf N + T^ff K + ACaO S' + 2 Aq. 
Its specific gravity is 2'I365. 

The other variety constitutes veins in the rock. It is much 
softer, has a foliated texture, and a specific gravity of 2*212. 

It contains 6| per cent, of soda and S per cent, of lime; 
so that the atoms of soda are very nearly twice as numerous 
as those of lime. In other respects its constitution agrees , 
nearly with the other variety. 

4. Scolezite. — This is tlio inlnLial which Werner distin- 
g'uished by the name of needle zeolite. It occurs often in 
long needles, as fine as human hair, and quite flexible; some- 
times in needles of a longer nnd hirger size, and irregularly 
interlaced; soinuLinica tlic iieedle:3 aiL iiiiuJy attached to each 
other, so as to give it a splintery appearance. In this state it 
is harder than calcareous spar ; whereas the hairy variety 
is ouite soft In some specimens the central portion is hard 
and splintery, while the outer portion is quite soft and friable. 
We would naturally suppose that this friability was owing 
lo the loss of a portion of^ water; but on examining some re- 
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markable specimens of tliis kind in my pobbesi»ion, I found 
that the friable portion contained more water than the bard 
and splintery. 

The crystalline shape of acolezite is the same as that of 
natrolite» a right rhombic prism. The obtuse angle is 1</ 
greater thim m natrolite^ being 91^ 2(y» while that of natro- 

Ute is 91*^ icy. 

^ Scolezite difTers from nntrolite in lime replacing the soda. 
It contains also more water, being 

3 Al S + Cal + 3 Aq. 

It deserves attention, that though in some specimens the 
soft hairy portion ol this mineral rt|)pcars to be a continua- 
tion of the fibres of the splintery central portion, yet the 
eonstitntion of the two portions is not the same. 

I analysed a remarkable speelmen of this kind from the 
Giant^s Canseway. The result was as follows 

Central spUntei*. 

Silica 48*88 46*0 

Alumina 26*36 27*6 

Lime with trace of ^ 7*64 15*2 

Magnesia 2*46 — 

Soda 4-20 — 

Water 12*32 14*35 

101-86 103-15 
The dilTerence will be best seen by stating tiie ioliowing 

formulas : — 

Central spiinlcry part 

J2 Al 8'44-2Cal S>* + MgS**+l^ + Aq. 
Soil outer part 

i2 Al S'H4Cal b'i-f 13 Aq. 

5. GloUalite. — The specimen of this mineral in my pos- 
session is, I believe, IVom the liills behind i'ort Glasgow : 
at least I so understood Mr, Clacbers, from whom 1 got it. 
The specimen is unique. 

It IS white, crystallised apparently in octahedronsi has a 
vitreous lustre, is translucent, is harder than calcareous spar» 
and has a specific gravity of ^2181. It contains per oent. 
of water. Its constituents are Cal S+Al 81^+3 Aq. 

6. Laumonite, — This mineral was found occasionnllv in the 
Kilpalrick hills, but beautiful specimens have been recently 
obtained at Bishoptown, while digging the tunnel for the 
rail-road. 

lis colour i> wliite, usually with n shadi; of red. It con- 
tains pel cent, ui wuter, which it iotmn ispuuluueously 
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when exposed to the atmoepherey and falk to powder unless 

protected by a coat of gum. 

It is usually crystallized, and its primary form is an oblique 
rhombic prism. The acute angles of the prism are of 84*^30', 
and the base of the prism makes with the lateral faces anMes 
of 114° 54f\ and 65° 6'. Tlje specific gravity is 2*361» and 
it is harder than calcareous spar. 

lis toiisiiuition is 3 Al + Cal + 5 Aq. The only dif- 
ference which I have found in the Bishoptown iaumunite is the 
presence of S per cent* of magnesia in it. Neither Leopold 
Gmelin, norVogdy nor Dufresnoy« who analysed this mineral, 
take anpr notice of magnesia as a constituent. I was led to look 
for it in consequence of the considerable deficiency which 
occurred in mv analysis, yogel gives 2| per cent, of car* 
bonic acid. This must be given merely to make up the de- 
ficiency in his analysis. It would not be surprising if hif 
specimen, like mine, had contained magnesia. 

7. Chabnzite. — Tins name was applied by Box d' Antic to 
our niiiieral. The Gieek term ;(;aySaJio9 occurs in a poem 
ascribed to Orpheus, in which twenty kinds of stones are ce- 
lebrated for their medicinal virtues, but without any descrip- 
tion. The last of the twenty is ;^a/?a{;io9. Chabazite occurs 
pretty frequently in this neighbourhood^ particukirly about 
Kilmacolm. It is always in rhomboid% approaching nearly 
to the cube, the obtuse angles being 94^ 56'. It is usually 
transparent, and has a vitreous lustre. The specific gravity 
of the rhomboidai crystaU is from 2*076 to 2'088« Its con^ 
stitueiits are 
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24-6 






7-96 






2-75 






0-32 










99*08 





8A1S*+Cal S'-|-6Aq. 

There is another variety of chabazite which never occurs 
here, but is pretty common in the north of Ireland. The 
crystal is never rhomboid, but a ver^ peculiar figure^ of which 
the only way of forming an idea is to examine the model. 
The primary faces are nearly all concealed; yet it cleaves 
easily in the directioii of the primary hicea and yields a rhom- 
boid similar to the primary crystal. 

Now this variety differs from tlie common chabazite oftfiis 
neighl)(uu hoocl, both in its specific gravity and its composi- 
tioii. Its specific giavily is 2*472. 
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And its constituents (the Port Rush variety) are 





48-988 


'21- '4-9 






19-774 


8*8 


3 




e*066 


l-Sll 


1 




4-068 


1*16/ 


Protoxide of 


0*404 








20*700 




6 



100-000 

Here the constitution is the ^^nmc as in the rliomboidal va- 
riety, exceptinrr that a considerable poriion of the lime is 
replaced by soda. In a specimen from Obersteiii, analysed 
by Berzeliiis, there was no lime at all, but only soda. From 
this it is obviou.s that chabazite, like mesot\ j)e, is divisible 
into three species or varieties. The iiibt or rhumbuidui cha- 
bazite is a hydrous compound of bisilicate of alumina and 
tersiltcate of lime. In the trihedral variety the tersilicate of 
lime is replaced by tersilicate of soda; and die specimens 
from Port Rush contain both tersilicate of lime and ter- 
silicate of soda, being analogous to mesolite. 

I believe it will be ultimately found that every modification 
of a crystalline form is occasioned either by a difference in 
the constitution, or by the action of some peculiar foreign mat- 
ter during the act ot crystallizing. 

It may be worth while to mention, that a red-coloured c ha- 
bazite occurs at Kilmacohn ; its characters correspond with 
those of common chabazile; and its constituents are the same, 
excepting tliat it contains 2' 75 per lcuL oi oxide of iron, to 
whioit doubtless, its red colour is owing. 

But about two months a^o I received from Messrs. Jackson 
and Alger of New York (well known as the authors of aa 
interesting and valuable paper on the geology of Nova Sco- 
tia), a specimen of a mineral which they have distinguished 
by the name of Acadiolite or yellow chabazite. It is in ciy- 
stals, having the common form of chabazite, and its other pro- 
perties (colour excepted) are the same as those of common 
chabazite. Its specific giavity is 2*0202. But it contains 
rather more silica and less alumina than common cliabazite; 
nnd there Avas luund in it 2'4- per cent, of red oxide of iron, 
to which its colour was doubtless owinrr. It contains neither 
potash nor soda, but simply 11*6 per cent, of lime. The 
formula for its constitution is 

2 Al + Cnl S"* + 6 Aq ; that of common chabazite 

2i, Al + Cal 8^ + 6 Acj. 

The deficiency of alumina in the acadiolit^ which amounts 
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to 5*5 per cent., prevents us from reducing it under the com- 
mon formula of chabazite. But the formula which it gives is 
simpler, and may ultimately be found to belong to pure cha- 
bazite. 

8. Atialcime. — This mineral, which Werner ili^iinrruished 
by the name of cuhizile, was first noticed by Dolomieu. it 
occurs rather abundantly in the Kilpatrick hills. In these 
hills it is white and translucent; but in the Giant's Causeway 
in Ireland, transparent crystals of it are fonnd. It is crystal- 
lized in cubesy whose angles are usually replaced by three 
planes. In most crystals these planes have increased so mudi 
in size as to obliterate the primary faces. The crystal Is then 
an imperfect sphere bounded by twenty-four equal trapezoidal 
planes. This figure is well Known to mineralogists by the 
name of the leucite crystal. 

It is hut nn imperfect zeolite; yet it melts before the bIoW'« 
pipe, thoiin;li without ebullition; nnd like the other zeolites, Is 
soluble in muriatic acid. Its constituents are silica, aiumiiia^ 



soda and water. Atoms. 

Silica 55-36 27*68 

Alumina 23-00 10 22 2*8 

Soda 14*I9 8-55 1 

Water 8 03 fHi"^ 



100'6S 
SAIS" + NS«+ 2Aq. 
The translucent and transparent analcimes have the same 

composition. 

9. Clnthalite. — I have given this name to a mineral which 
occurs in the Kilpatrick hills near Dumbarton, forming large 
nodules in the amygdaloicl of that district. 

Its colour is flesli-red ; it forms a conn;erics of imperfect 
crystals, seemingly rectangular prisms. It is nearly opaKc, has 
a vitreous lustre, is harder than calcareous spai^ and has a spe- 
cific gravity of 2-lGG. 

Its constitution bears a certain analogy to analcime, the 
alamina being partly replaced by magnesia, and the soda by 
peroxide of iron. 

Silica 51*266 9*35 

Alumina 23*560 "1 

Magnesia 1-233 j * 

Soda 5-130 1 

Peroxide of iron ... 7 30G j 

Water •••• 10-558 ... 3*43 



99*048 

4 (Al + Mg) + (f N) S« + 3 Aq. 
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But it contains an additioaal atom of biailicata of alomiDft 

and of water. 

10. Stilbite and Heulandite. — These two species ate lound 
in great abundance in the Kiipau ick hills and at Cnrberr\' in 
the vallev which divides iheCampsie hills from the Kilpatt ick 
hills. They are always, or almost always, of a deep flesh-red 
oolouri and generally crystallised* though seldom m Terr re» 
ffolar shapes. These two specids were first disttnguMbed 
from each other by Werner, who gave to stilbite the name of 
radiated aeolite, and to Heulandite that of JoUated zeolite, 
Haiiy confounded the two under die name of stilbite. Mr, 
Brooke pointed out the difference between them in 1822; 
and left Haiiy's name stilbite to oneot tlie species, while the 
other was named Heulandite, in honour of Mr. Henland of 
London. It is unlucky that the names had not been i<jvei;.ed. 
The woiti sdlbitc (fioni the Greek ariX^co, lo ikint) was ap- 
plied by Haiiy, in consequence of the great lustre of die 
mineral. Now the base cif the prism in Heulandite baa n 
much greater lustre than in stilbite, being pearly and splen- 
dent In the specimens from this neighbourhood* the lustre 
Is not so great as in those from the Feroe islands^ which are 
white, and have the pearly lustre In perfection. 

Tlie constituents of both these minerals are silicai alumina, 
lime and water. 

Ueulandile contains most silica and least water. 

Stilbite Is 2 Al + Cal S« + 5 Aq. 
Heulandite 3^ Ai + Cal S^* + 6 Aq. 

1 1 . The only other zeolite that occurs in any quantity in 
the Kilpatrick hills is harmoicme. It was noticed early by 

mineralogists under the name of cross sione, in consequence 
of die remarkable way in which tlie crystals frequently cross 
^cb other; that shape is not common in the harmotonie of 
the Kilpatrick hills. It is usually crystallized in right rect- 
angular prisms.*' But the common iiu)dification is a terminal 
luur-sided pyruuud, consisting ui iuces replacing the bulid all- 
ies of the tmse of the prism. 

The mineral called harmotome ought to be divided into 
three distinct species, which might m distinguished by the 
names harmotome, Philipsite, and Morvenite; the first of these 
only occurs in our neighbourhood; but the first and third 
are common at Strontian. The second, or PhiUpsite, has been 
observed in Sicily, and in other places. The first is a com- 
pound of silica, alumina, barytes and water; the second of 
silica, alumina, lime nnd water; and in the third the pro})or- 
tiuiia ui the consULueuts dider very much hum those of the 
second species. 
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Harmotome is 2^ Al + Br S^* + 4 Aq. 

PMIfpsiie is 3 Al S* + (f Cal + i Ky -f- 5 Aq. 

Aiorvenite is 5 Al S"* + Cal .S* + 1 1 Aq. 
Mor?enite is transparent, while the other two are only 
translucent. ^ 

12. These are all the miDerals in the neighbourhood of 
Glasgow which belong to the tribe of zeolites ; they all con- 
tain water as an essential constituent; they all froth be&re 
the bkiw-pipe, and they are all soluble in muriatic acid. As 
they fill cavities in amygdaloid, there is some reason for sus- 
pecting that they were deposited in these cavities after the 
trap rocks had assumed their present form. There is another 
mineral which occurs in the same situation, whirh contains 
water as a constituent, and which is soluble in muriatic acid, 
I mean the dihydrous peroxide of iron found in a trap ruck 
near Gourock. 

It has a reddish brown, and is comj|)u^eil of very fine 
needles. But at St. Just in Cornwall, it occurs in crystals, 
the primary form of which is a right rhombic prism. It has 
an imperfect metallic lustre, is harder than apatite, and has a 
specim: gravity of 4*875. Its constituents are^ 
2 atoms peroxide of iron 10 
1 atom of water 1*125* 

Carbonate of magnesia has also been found recently at 
Bishoptown ; I am not aware of its having been observed in 
any other part of Great Britain. It abounds in Hindnstan, 
and Hoboken in New Jersey; in both places in serpenliiie. 
About two years aijo i got a j^rent many very pure specimens 
friHu Madras, tur ul)ich I was indebted to Dr. Cole. 

1 here are twenty other species of niinejuU vvliicii occur in 
the trap rocks in this neighbourhood ; some of them as Tetns, 
others making one of the constituents of the rocks. The 
veins often contain water as a constituent, though not always. 
But those minerals that enter as constituents into the rocks 
are destitute of water. 

As veins we have sulphate of barytes, calcareous spar, fi- 
brous sulphate of lime, arragonite, Wollastonite and prasolite* 

1. Fine specimens of arragonite are found at Lead Hills. 

2. The name \^'o11astonite has been applied by Haiiy to 
bisilicate of lime, the table spar of Werner. But as this new 
name has not been generally adopted, and as mineralogy lies 
under the deepest obligations to Dr. Wollnston, I have 
given his name to a uniieral found in considerable quantity in 
veins in a greenstone rock near Kilsyth, not far from the 
flveat canaly and which Lord Greenock has also found near 
Edinburgh. 



Digitized by Google 



416 



Dr» T. Thomson on ike Minmdi 



It is white, has a fibrous texture, and the fil^res are In tufts 
diverging from a centre. Lustre silky, translucent on the 
edges, softer than calcareous spar. Specific gravity 2'85o. 

It is composed of silica, lime and soda, wiili a liule mag- 
nesia. If we include the magnena along with the soda it wUl 
be composed of 

d atoms Insiltcate of lime* 
1 atom tenillcate of soda* 

SCalS' + NS** 

3. Prasoliie is a name by which I have distinguished a 
mineral which occurs In the Kilpatrick hills, constituting a 
vein about an inch ia thickness. It was brought me bv one 
of my students about two years ago^who wanted to know 
what mineral it was. From its appearance I pronounced it 
to be common sulphate of lime» But happening to examine 
it a little more closely, I found that I had been mistaken in 
my opinion, and that it, in fact, constituted a new mineral 
species, allied to the zeolites; since it contained no less than 
18 per cent, of water. 

Its colour is leek-green, and it is as soft as Venetian talc, not 
being capable of scratching selenite. The specific gravity is 
2*3 11. It is composed of fibres very loosely cohering toge^er, 
since it may be crumbled to powder between the fingers. 

Its constituents, besides water, are silica, magnesia, per^- 
oxide of iron and alumina, and probably soda. Its oonsti^- 
tution may be represented ihus 

9MgSli+4fSli+dAlSi^+I8 Aq, or 
3 (|Mg+i Al) SU+f Sli+4.i Aq; 

Fiuor spar is found sparingly in cubic crystals in the trap 
rocks near Gourock. 

Prehnita is so exceedinglv abundant* that at one time a 
whole cartful of it was brought to Glasgow. 

I need not notice aogite and amphtbole, felspar and albit^ 
which constitute the common constituents of the greenstone 
rocks so abundant in this part of Scotland. But it is right 
to notice fnhr adon'fe, which constitutes one of the constituents 
of a peculiar variety of greenstone which may be seen in a 
state of perlcction in Campsie jrlen, and which constitutes 
the principal rock ni the liills south of Paisley. In these 
rocks it is very conspicuous, because they have been altered 
by tiie action ot the weather, and the labradoritc has become 
white, while the hornblende, the other constituent, retains its 
dark colour. 

* Analysed by m^ belfand Dr. R. D. Thomson. Records of Gescrdl 
Sckiice,i.SSO. 
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Labradorite, as the name implies, was first noticed on the 
coast of Labrador. It is of a dark smoke-gra)' colour, and 
in particular positions reflects a variety of colours, blue, green, 
yellow, red and brown. The crystals approach those of fel- 
spar, but difier a little In the measurement of the angles. The 
constituents are silica, alumina and lime, with a trace of soda. 
The presence of lime distinguishes it from albite; and the 
proportion of silica is much smaller. 

Felspar is i Al S» -f K 
Albite 3 Al S'* + N S'^ 

Labradorite 3 Al + (f Cal -f \ N) S. 

I think it urniecessary to mention mica, epidote, steatite, 
iron pyrites or carbonate of iron, which constitutes so abun- 
dant a mineral in this neighbourhood. Nor is it iiecessary to 
give an account of the gray ore of manganese which has been 
met witii, though spann|;ly, in the hills in our neighbourhood. 
Bat there are two species of minerals which I believe to be 
peculiar to the range of hilts in our district^ and which, there- 
fore, deserve to be described. These are Kilpatrick quartss, 
and sulpburet of cadmium, or Greenockit^ as it has been 
called. 

1. Kilpatrick quartz. — This variety of quartz occurs in the 

amygdaloid of the Kilpatrick hills. 

It is white and translucent, and constitutes spheres about 
the size of a hazel-nut, mixed abundantly with stilbite and 
calcareous spar. The spheres constitute an nirprregation of 
crystals; the exterior terminaliuii f ach, cxauuned by the 
nncrosco])e, is a lour-sided prism. The hardness is the same 
as that of common quartz; but the specific gravity is 2' 525, 
while that of common quartz is 2*690. It contains 8 per 
cent, of water, according to the analysis of Dr. R. D. Thom« 
son, who found also a trace of sulphuric acid; while common 
quartz is anhydrous. 

These diflrerences seem to warrant the propriety of consi- 
dering it as a peculiar species of quartz. The same mineral 
exists in the mountains of Nova Scotta, which bear astrikinsr 
analogy with those in the neighbourhood of Glasgow, both 
in their con<;titution and in the minerals which they contain. 

2. Stdpliurtt of cadntium. — This mineral occurs nlong with 
prehnite in an amygdaiuidal rock at Bishoptowii in Ren- 
frewshire. It has also been seen on the Cochno bum on the 
north side of the Clyde. It was mistaken for blende by the 
mineral dealers in the neighbourhood. Lord Greenock ex* 
amined it in the summer m 1840, and showed to Professor 
Jameson that it ooidd not be blende. Mr. Connel subjected 

PhiL Mag. S. 9. Vol 17. No. IIS. Dec. 1840* 2 £ 
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it to analysis, and fouuci it to be pure sidphuret of cadmium. 
His analysis was performed on 3*71 graiiM. 

It is always crystallized in •ix-*8ided pyramids. The tom- 
mit if sometimes replaced by a more acate pyramid : some 
of the cnrsuds show a iix«sided prism. 

Translooeiitto transparent. 

Lustre vitreous, or sometimes almost adamantine. 

Hardness about 2*75. 

Specific gravity 4*534'; but the specimen was not quite 
pure. Mr."Connel states the specific gravity to be 4-84.2 ; 
but the determination wus made on 3*68 grains. If the im- 
purity in my specimen was prehnite, the specific gravity of 
pure sulphuret of cadmium will be 4'*546. 
On subjecting it to analysis I obtained 

Sulphur 22-4 or 1*009 atom. 

Cadmium ... 77*6 or 1 atom. 

100 0 

This very nearly agrees with Mr. Connel's analysis, who 
obtained from S*7 1 grains of the mineral, 

Sulphur 22-56 

Cadmium 77*30 99-86 

Professor Jameson has distinguished this mineral by the 
name of Oreenockite, in honour of Lord Greenock^ who first 
discovered it. 



LXI. Deductions from the frst Yeof'g (Btervaiians at 
Magnetic OUeroaUny at Prague t in a LeUerfrm Fro- 
fessor Kreil» Director of the Prague Obtervatory^ to Major 
EnwABn Sabin£> R,J»f V.P*M^.* 

Phigue, July 21, 1840. 

I HAVE seen with great pleasure, by your last letter and its 
inclosure, tl at you have made known in Englisht, my bet- 
ter to M. Kupffer, containing the result*; of the Milan Mag- 
netic Observations, antl that you have sent it to the newly- 
established Observatories. 1 am indeed far from regardmg 
all the deductions from tliosc observations as undoubted fecte; 
I consider ibem rather as iiitlicaiions aifbrdtd by the first made 
continuous btrius ol observations, and awaiting confirmation 
or correction iVuni subsequent researches. 

Since my arrival at Prague, I have had the adyantoge of 
several zealous assistants, and have been able to make the ob- 
servations with the magneUc instruments at much shorter m- 



• A translation comnmuicated by Major — _ . 
t See Load, and Edinh. PliiL BIsg., voLxvi. p. Ml. 
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tervals tliau was done at Milan, namely, at every hour from 
5 a.n). to 10 p.m. *. This we have done uninterruptedly for 
a tweWemontn, viz. from July 1839 to June 1840, and 1 nave 
now the pleasure of laying biefore you a aummary view of the 
principal results, 

L The variations of the magnetic elements exhibit a de- 
pendence on the seasons, for there appear in certain months 
maxima and minima uf which scarcely a trace is discernible 
in the opposite months. It is therefore desirable to sepnrate 
the observations of the winter from tho'^t* of the suinmLi , and 
to consider each apart. By imiiliig them we should risk ob- 
taininir a daily march whicli would be wholly imaginary, and 
would iiut coi respond with the pha^nomena in ani/ month of 
the year. Thus, iov example, ilie declination in the winter 
months shows regularly a minimum in the later hours of the 
evening; in summer the minimum occurs in the morning; 
the mean of the whole year, therefore^ would show two 
minima, one in the evening, and the other in the morning, 
whereas the occurrence of two minima on the same day is m 
every month of the year an exception to the ordinary course* 
I do not consider the difference in the time of the minima in 
summer and winter a mere displacement arising from the 
season; at least it is not so in the case of the inchnation, m 
which a similar difference is observable: but this point must 
be decided by future observations coutiuued through the 
hours of the night. 

In the winter months, October to March, we observed, 
At 8 a.m. Gdttingen meantime, thedecl. = 410'77t ^^%a 

At 1 p,ro. the max. = 427-11 tl'zZ 

At 10 p.m. the min. = 407'84 

In the summer months» April to September, 
At 8 a.m. — — ^— — the mm. = 398*01 

At 1 p.m. I ■ the max. =s 427*50 

At 10 p.m. s= 405-74 

The time of the maximum does not seem to be dependent 
on the season; the exact time obtained firom the hourly ob» 
servations by interpolation» taking into aceonnt the second 
dtflereneea to quarters of an hour, is 0^ 45"^ in May, Septero* 
ber and December; this is the earliest: in February it is at 
!■» 45"; and the latest occurs in July, via. at 2^ 0"". The 
monthly means gave the daily difference greatest in Augut^ 



29-49 
21-74 



* We have now extended our observatioiii to ■■ to iodude loiae of the 

honn of the night. 

f iliL nh'^rrvations of the absolute declination have not yet been 
made with the requisite exactness, the variations are here given in divi^ 

lions of the Male> each dirisioQ beiqg S7*iMl leoonds of arc 

d£2 
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vs. SS'Ol ; in April 33*01 ; and least in December^ » 8*il« if 
^ obsenrattonsat 3 a.ni. and 1 p.ni. are compared, or 13*06 
if those at 1 p*ni* and 10 p.ni. are compared. The secalar 
decrease appears to hare been unusually great this year; if 
the apparatus showed correctly, it amounted from July 1839 
to June 184-0, tone less than 17*70 divisions of the scale, 
= 8' 01"'9; but as in October, 1839, the thread by which the 
needle wns su!=pended broke, this result may be inexact. The 
observations of the following month, however, show a still 
greater decrease. If we take the mean of all the observations 
&om 5 a.m. to 10 p.m., we obtain the following declinations : 

1839. November. Declination = 417 80 

December. ' = 416*88 

1840. January. = 415*80 

February. = 414*74 

March. = 410*35 

April. ■ = 407*50 

May. a 402-87 

*June. ■ ■ = 399*30 

The declination, therefore, decreased in these eight months 
18*50 scale divisions, or 8' 23''*7. 

2, The horizontal intensi^ observed with the bifilar had 
ID the winter months its 

Minimum **««.««544*42* at 11 a.a). 
Maximum s 564*83 at 10 p.m. 

Difference « 80*41 

In summer, its 

Minimum •••••• ss4 13 -r)3 at 10 a.m. 

Maximum =s488*90 at 8 p^m. 

_________ * 

Diflerence. s 45*27 

The minimum was earliest in August, when it took place 
at 9 a.m., and in June, when it occurred nt 9** 30™ a.m. ; it was 

latest in Decern l)er, fU 1 p.m.; and in Jamiaiv was at 11 ^ 45"* 
a.m. The maximum appears to Jail in winter, i. e. in December, 
January and February, during the hours of the night j it was 
earliest, at 8 p.m. in July, November, April and June. The 
Allowing are the means of all ihe observations between 5 a.in. 
and 10 p^m. 

* A scale-division in this apparatus corresponds to 18*5757 seconds 
of are, or rrrrt the whole norisontal intensity; but it diould be re* 
marked, that since the inttniinent was set up in May» 1839, the magnetism 
of the bar bat not beea easmioed, in onter tbst the mm miight doc be 

brokeu. 
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1839. July. Horizontal intensity = 532*41 
Aii<;ust. — — — = 465*54 

Septeniber. — = 488*85 
October. ■ — as 48&'18 

November. — ^ = 559*27 

December. sb 598*58 

1940. January. — — .s 586*91 
Februaij. ■ ' ' ■ = 552*68 

March. » 560*01 

April. as 498-00 

May. — - = 437-17 
June. = 396*01 

The numbers here given are not corrected for the influence 
of temperature, because it a})pears to affect not only the in- 
tensity, but also tlie direction of the magnetic loi ce, and we 
must wait tor more certain data. The continued and simul- 
taneous observaLioas ui the bililar magiitiometer and the in- 
cltnatorium iiavc shown, indeed, that changes of temperature 
are Always accompanied by changes in the horizontal intensity; 
but thev are also acoompanied bv eoneeponding alterations 
in the -aip, which increases as the horizontal mtensity do* 
crease% and vke vend. 

In some months of the year * decrease lakes place in the 
horizontal intensity between 2 and 5 p.m., which may be 
ascribed to the maximum of inclination which occurs in those 
hours ; this was previously reoogniased in the Milan observe* 
tions. 

3. In wini( I tlie inclination attains its minimum at 6 a«m.t 
and its maximum at 3 p.m. 

Minimum 270*69* 

Maximum 27202 



Difference ...... 1*33 

In summer the minimum is at 5 a.m.9 and the maximum 
at 8 aon. 

Minimum 989*70 
Maximum 991*93 

1*53 

The several months show at all seasons a small minimum 
of the inctinatloD aliout noon, whence we must conclude that 

* Tkc value of a tcale-iUvision = ISo seconds of arc. Tbc ap^« 
ntns «M ict tip in June, 1839, but w«i not tuffideotly fteady to gire 

value to the observations with it until August; it continued, however, sub- 
ject to a tremulous motion occasioned by pas^it^gcarriagea ootilFehniaryy 
J 840, when ihb Uisadvantnge was remedied. 
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the two maxima, one in the forenoon and the other in the af- 
ternoon, alvvay.s occur, though in the .suiomer nioiuhs the 
former is the most conspicuous, and in the winter the latter ; 
the obsenraUoiM which I had previously made at MiUn were 
not sufficiently namerons to manifest the occurrence of ilits 
noon-roinimum* 

Observations made in May and June,1840^ atSand 4 a.m.9 
show a maximum and minimum in the hours of the night» 
which sometimes exceed those abov^mentioned. 

In MajTi at U p.m. the maximum ••• = 2lfM3 
at S a.m. the minimum • = 244*49 

DiiFerence 1-94 

In June^ at 11 p.m. the maximum = 267*73 

at 4r a.ni* the minimum = 2GG'53 

The cireumstanoe already iioUoed» that these maidna «ra 
in some months almcat insenstbley makes it difficult to vecQe<» 
nitt die dependence of the hour of their occurrence od lEa 
season of the year* 

The following numbers, which are the monthly means of 

all the observations of the inclination made between 5 a.m. 
and 10 p.m., will ^how to what consiflernble alterations that 
element is subject in the course ot a longer period. 

1839. August Inclination » 368 06 

September, — — ^ = 374- -42 

October. = 9,^-^2 

November. = 336-40 

December. = 294*18 

1840. January. . — = 252-14 
February. — =: 19G 39 

Mardi. — « 182-91 

AptiL — - « 197*47 

May. = S45-59 

June. ^ 3E S66*70 

If we compare these numbers with the means of the hori- 
zontal intensity, we shall not» it is true, see any perfecdy par- 
allel march, which indeed we ought not to expect, as the 
horizontal romponeiit depends on the total intensity as well 
as on the dip; but ii is swnicienily clear that there is a ge- 
neral accordance, the horizontal inlensity increasing with the 
decrease of dip, and vice versa : iljercforc the clianges of 
inclination indicated by the inj>ii uiuuiii are not to be ascri- 
bed to mere aUciailons of the cenUe of gravity in refer- 
enoe to the point of suspeoition, but ai:% m part at leasts 
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due to the altered direction of the force itsel£ It would 
seem then that the dip is subject to much mater alteratioiu 
than has been hitherto recognized; and this ie quite con- 
ceivable^ if we suppose temperatnre to be one of^ the chief 
causes of the variation of the magnetie elements; tot if the 
daily progress of the temperature from east to west produces 
the large f//Mr/m/ variation in the declination^ its annual march 
from south to north, and vice versa, ought in like mauoer to 
occasion an annua/ ^ ariation in the inclination, 

4. The times ot osciilation of the liippiog ueedie showed 
daring the winter, — 

At 8 a.m. a maximum ss 1S*86978 
At 10a,m. a minimum s 1S-85S81 
At 2 p.m. a second maximum ts 12*^6923 
At 8 p.m. a second minimum ss 1S*84823 

In summer, 
At midnight, a maximuni. 
At 6 p.m. a miniruuni = 12*55078 

At 2 p.m. a second maximum = 12*57437 
At 9 p.m. a second uammuui = \^'56Q05 

1 he midnight maximum was shown by the night observiH 
tions of May and June. 

The dependence of the liours of maximum and minimum 
on tlie season could not be recognized with certainty from 
the oliservatiMis of eaeh month separately considered ; it ap* 
pearady howefer» as if those of the lorenoon observed in winter 
approached progressively nearer to noon. 

The following are tKe monthly means of all theohaerv»- 
tions made from 6 a«m. to 10 p»m. 



Oiffl 

0-01657 
0'01602 

0-02iOO 



0-09859 
0*00889 



183y. August. Time of vibr. 
September. ■■ 
October. 
November. 

December* ■- 
1840. January. " 

February. ■ 
March. ■ 
April. 

May. - ■ — 

Jun& ___ 



8. 

12- 02318 
11-86037 

11- 781b6 
11*90803 
18*69148 
18*86188 
18*40867 
14-00672 

13- 7064.5 

12- 77688 
12-39025 



From these nnmbersy which are not corrected for the in* 
fluence of temperaturoi or for any decrease in the magnetism 

of the bar, we cannot trace a connexion with the tempera- 
ture} such as has been usually supposed to exist, viz. a do- 
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creased force in increased temperature, vice vendi hat 
tbere is a correspondence between these numbers and the 

monthly means of the inclination ; the inclination having de« 
creased and the times of oscillation increased from October 
to March, whilst subsequently to March the inclination in- 
creased, and the times of osciflation decronsed. Such obser- 
vations, continncd with iii^ti Liinents somewhat diflerently con- 
structed, but having ilie bume purpose in view, will soon show 
what part ot' this apparent connexion in the variations of the 
intensity and inclination is due to the instrument, and what 
to tlie piia^nomena themselves. 

5. The influence of the moon on the magnetic condition of 
the earth was examined in the same manner as was done 
in the case of the Milan observations. Having corrected 
approximately the observed horizontal intensities for tempera- 
ture and the loss of magnetism sustained by the bar, there 
appeared a confirmation of the results previously obtained, 
VIZ. that the magnetism of tlie earth is stronger at the time of 
the new moon tlum w hen the moon is full. The mean of the 
whole body of tlie ol)servaUous showed an intensity 

During the last quarter = 54'9'99 
At the new moon = 548*79 

During the first quarter = 542-62 
Al tbe fbll moon = 541*11 

6. The difficulty referred to in par. of freeing the ob- 
servations of the horizontal intensity from the iimoenoe of 
temperature^ and the uncertainty of the correction for the de- 
crease of magnetism in the bar, induced me to adopt a mode 
of arranging the observations in referenoe to the inquiry re- 
latively to the moon, by which the errors arising from both 
these causes might be a%'nided. If the moon has an influence 
on the magnetic condition of the earth, it must produce a 
daily variation, masked by the greater effect produced by 
tlie sun, but recognisable when the latter is eliminated. I con- 
structed, therefore, tables, having for their argument tlie day 
of the months and for the titles of the several columns the 
different distances of the moon from the magnetic meridian, 
u e* her magnetic horary angles. To simplify the calcula- 
tion, I assumed that the moon passed the magnetic meridian 
an Iiour earlier than the true meridian. I deducted from 
each observation the monthly mean corresponding^ to the 
solar time of the observation ; thus eliminating the mfluence 
of the sun, considered as the cause of the regular diurnal 
variaiiun. This deduction being r.iade, the ; emainders repre- 
sent the sum of all other influences; but ai> these numbers 
were :>umetimes + aud sometimes — 1 augmeiued each by a 
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constant quantity. The numbers thus ubLaiufcd were entered 
in the tables, each in the column corresponding to the (Ibtanee 
of the moon from the magnetic meriduin at the time of the 
observation* From the great number of observations that were 
in this combination, it might be expected that the eflects of 
other influences would disappear, and that of the moon alone 
would be visible. The two horizontal elements, the declina- 
tion and intensity, were thus treated, and the means obtained 
for the separate months were combined in a yearly meauy 
vliich is represented in the following table 

L Declinadon in Scale-divisions, each = f7'^*2261. 



Eastern 
Horary Angles. 


Declin* I 


Dedin. 


Western 
HoraryAoglet. 


12 


11-44 


11-21 


11 


13 


10-96 


10-79 


10 


14 


1M4 1 


11 01 


9 


15 


10-78 


)0-64 


8 


16 


lO/C 


10-24 


7 


17 


10-55 


10-69 


6 


18 


10-51 


10-42 


O 


19 


lo-se 


10-15 


4 


20 


10*66 


1016 


3 


31 


10-48 


10 32 


2 




10-64 


10-46 


1 1 


23 


10-97 


1 10-62 


0 

! 



From this table we may draw the following conclusions : — 
1. If we take the sums of the declinations during the 
eastern and during the western horary angles, we find 
the first sum to exceed the second by 2*60 scale-tli\ isioiis 
s 70"*79 ; therefore the declination is greater when the uiouii 
is east of the meridian, as already shown by the Milan obser* 
vations* 

IL If wc compare the sum of the declinations correspond- 
ing to the horary angles from 6^ to 17^ with those from 18** 
to 5^, the first sum exceeds the second by 4*40 scale- divisions 
= 119^^*79; the declination is therefore greater when the 

moon is in the neighbourhood of the nifcnor meridian : and 
the table shows that it is greatest at the hour when the moon 
is on the inferior meridian. 

III. From the comparison of the sums ol the declinations 
correspoiuimc,^ U) the hoiary niifrjes from 21** to 2^^ with the 
sumsot those iVoni ih ' Lo 20 , and ti^' to 5-^, it results that the 
first sum exceeds the second by 0*97 scale-divisions = 26"'4l ; 
therefore It appours that at the time of the mocm^ passing 
the inperior meridian, a seoond maximum of the decunatioii 
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does take place, though considerably less than the one indi- 
cated above. 

The results as to the horisontal intensity are contained in 
the following table - 

II. Horizontal Intensity. 



Eastern 
Hor. AnirleA. 




latensity. 


\V esteru 
Hop AntriM 


12 


3^92 


3416 


11 


13 


3262 


3333 


10 


14 


32-78 


32 63 


9 


15 


33-64 


3252 


8 


16 


32-62 


3312 


7 


17 


32^03 


31*53 


6 


18 


31-n 


31-90 


5 


19 


30-96 


32-16 


4 


SO 


3016 


31-77 


3 


21 


29*46 


89*96 


2 


«8 


29-07 




1 


23 


29-92 


3004 


0 



From this table it appears 

I. That the intensity is stronger when the moon is west of 
the magnetic meridian, for the sum of the intensities corre- 
sponding to western horary angles exceeds by 5*14 scale-di- 
visions the siirn of the intensities corresponding to eastern 

horary anixlfs. 

II. The iiitiDsity is decidedly greater when the moon is in 
the neighbourhood of ihu inlerior meridian than when she is 
near the superior meridian, for tlie horary angles from 6^ to 
17^ give a sum greater by 28*08 scale-divisions than do the 
horary angles from 18^ to 6K 

7« The increased frequency and the greater number of the 
Prague observations enabled us to pursue the interesting phae- 
nomena of the magnetic perturbations with more exactness 
than we had been able to do at Milan. We proceeded in 
the following manner with both the horizontal elements. 
The changes were noted wlilch had taken place between each 
observation and the next, and the sum of these (^) was taken 
for each day without reference to their signs. The monthly 
mean of these sums was taken and called Now if on any 

y 

day the quotient was found greater than 2, that day was 

reckoned one of disturbance. 

It hence appeared that the magnetic elenieiits frequently 
sustain a very considerable change of bhel duration ; though 
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during the remaining hours of the day, the perturbations may 
so Ittde exceed the everage, that on the whole It may not m 
a day of dbtnrbence aooording to the above definition. 

liiis phsenomenon, which may be called a magnetic shocks 
ought to be brought into notice^ being, in fact, a [)erturbation 
of short duration, greater perturbations consisting only of 
several such shocks. As a definition of a magnetic shock, 
let q be the change in either of tlie mfignetic elements be- 
tween two successive oh<;ervations, aijd t the average change 
in the same month between every successive pair of observa- 
tions ; then every change for which > 2, is to be regarded 

as a magnetic shock. 

The following table shows for each month the number of 
days of disturbance according to the above definition; and 
also the number of separate shocks whicli took place in addi- 
tion, namely, on days which were not those of disturbance. 



Table of Disturbances. 





Declination. 


HorimtallnleBsi^. 


Month. 


Days of Fcr- 
tarbation. 


Shock. 


Days of Per- 
turbatton. 


Bhockk 


1839. July. 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1840. Jan. 
Feb. 
March. 
April. 
May. 
June. 


1 
3 

5 

7 
8 
10 
14 
7 
6 
2 
t 
1 


1 
1 
4 

15 

7 
15 
19 
8 
1 
5 
1 
1 


6 

7 
4 

10 
16 
25 
16 

16 
11 
IS 
9 


% 

le 

3 

• •• 

2 
14 

% 
2 
1 
« 



From thi^ table we may infer: — 

1. That the perturbations are much more frequent in the 
winter than in the summer months ; which may be cauKd^ in 
part, by the force which produces the regular diurnal changes 
being much weaker in winter : but the very great perturba- 
tions which take place chiefly in the winter months, indicate 
' that the disturbing forces have actually more intensity at that 
season of the year. The greatest disturbances observed in 
the twelvemonth occurred on the following days:^ 
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4Ui and 15th of September* 
IStfay 22nd, and 2Srd of October, 
2Srd .of November. 

d-th and 18tb of January. 
6th, 7tb, and 9th of February. 
29th and 30th of Mny. 
IT. Tiic (Inys of disturbance are more numerous in the 
horizontal intensity than in the declination. 

III. In this year also several great pcrtLiibations were ob- 
served to occur on tiic same days on wliicli the same phau- 
nomenon Lad taken place in preceding years. The days 
which particularly deserve notice in this respect, are about 
the 18th of January, from the 18th to the 22nd of February, 
and the 18th of October. 
Great disturbances were observed in 

1837. January 16th. 1837. February I8th. 

1838. 17th. 18f?8. 16th and 21st. 

1839. — — 19th. 1839. ■ 18th and 21st. 

1840. 18th. 1840. 18th and 21sU 

1836. February 1 7th. 

In February, IS l-O, the disturbance of the horizontal inten- 
sity was but feebly marked, probably in con.scrjULnce of the 
very great perturbations which took place in the same mouth 
on the 6th, 7th, and 9th. 

The recurrence in October is a particularly marked one; 

1886. October 18th. 

1887. 18th. 
1838. — 17tb. 
1889. 18th. 

The two periods, February and Octobert are abont equi- 
distant from the winter solstice. 

8. If we put together, without respect to signs, the shocks 
which occur at the different hours of the day, both on the 
perturbation days and on others, we obtain as a final result 
tile lullovving table, exhibiting the number of scale-divisions 
by which the needles were displaced by disturbances. 

Sum of the Displacements. 



Hours. 


Declination. 


Horizontal Intensity. 


17 to 19 
20 to 22 
23 to 1 
2 to 4 
6 to 7 
8 Co 10 


403*1^0 
497-93 
697-76 
1475 16 
li8M7 


1373-36 
174614 
1425-33 

inn-15 

286423 
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This table shows that the ieast distarbance takes place in 
the decliniuion from 8 to 10 a.m., and ihe greatest from 8 to 
10 p.m., a result which had already appeared from the Milau 
observations- In the horizontal intensity also the disturbances 
are more irequent in the evening than in the ounntOff. 

9. If we now take the signs into accoon^ and catTan auff- 
mentation of either element and a diminution the fol- 
lowing table exhibits the remainders when the one som is 
taken from the other. 

■ 

Direction of the Changes. 



Hours. 


DeclinatioD. 


liorizontal Intensity. 


17 to 19 


— 30 92 


— 1219-69 


20 to 22 


+ 2^4 




to 1 


+ 203-34 


— 12013 


dto 4 




— 104-76 


6 to 7 


— G54-88 


+ 94-37 


8 to 10 


^65619 


— 9d5U 



These numbers confirm for the declination the deduction 
already derived from the Milan observations^ viz. that the 

declination is increased by the disturbances in the forenoon 
and middle of the day, and diminished bv those occurring in 
.the evenini^ hoars. In respect to the iiorizontal intensity, the 

negative signs nre the prevailing one'^, <^o that, in general, 
disturbances diminish this element, which is also in corre- 
spondence with the previous deductions; but it also appears 
from the numbers, that this occurs in a much higher degree 
durinir the hours of the night and morning than in the fore- 
noon and aiternooii. 

10. During the greater disturbances we did not fail to ob- 
serve for several hours, from 5 minutes to 5 minutes, and to 
study the march of the phsenomena in all Uie elements with 
as much exactness as possible. Ten perturbations were thus 
observed, and the following circumstances were noticed as 
common to them all. These were before partly indicated by 
former observations, and appear to ^ive a character of regu- 
larity to ]^!nunomena which at first sight mi|[^it be regarded 

as wholly trre;j;ular. 

I. Alttiougli the general effect of a disturbance is to wealcen, 
on the whole, the horizontal intensity, considerable augmen- 
tations of that element do take place, but are of brief dura- 
tion, and always preceding the duninulion. 

11. The horizontal intensity remains weaker for some time 
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after the great osciUations have ceasad» and only gradually 

resumes its ordinnry force. 

III. All the alterations of this element are accompanied 

by changes of the dip, and may chiefly be ascribed to them ; 
ail increase of dip, and a diminution of the horizontal intea* 



sed* ; and as we have seen ihat the horizontal intensity is 
weakened at such tinie8» the influence of the uicrease of dip 
preponderates over the augmentation of the totsJ intensit;^. 
In countries where the dip is much less than at Prague this 
may not always be the case, and the horizontal intensity may 
increase during a disturbance. 

V. The variations of the totnl intensity frequently occur 
simiiltnncously with those of the dip and horizontal force. In 
halt the number of perturbations which were observed con- 
tinuously, tlie btrongcbt total intensity coincided with the 
highest dip and least horizontal intensity, or the weakest total 
intensity with the smallest dip and greatest horizontal inten- 
sity ; affording a further evidence tnat the variations of the 
horizontal component are chiefly due to the changes of dip. 

VI. In a strong disturbance all the three elements were 
usually affected, but in a variable degree^ whidi may probably 

^ Thiii is in con trad let ton to the paragraph in Idler to M« 
Kiipfl'er, ( Phil. Mag., .\pril W), p. iM!)\ nnd I hope that It may prorc a 
rectification. I consiider tlic method applied to tiie Milan observations ao 
unsafe one» a) by it the daily means of the times of vibration on days of dis- 
turbancewere compared with the average time of the whole month. 8iicfa 
a comparison cannot show ^vith exrictncss the small effect r^hich the pi rtur- 
bation^ produce in this clcnieiit, because in the course ot a month tt u sub* 
ject to too great changes, whether real or initrumental. The greater fre> 
tjuency of the observations in each day at Phigiie, enaMedmetoproceeduna 
ditft itritinnnnrr,nnnicly by comparing the mean of a distiirlird dnv whh those 
of the preceding and following days. Occasionally, indeed, the obi^crvations 
of the same day evidenced the nature of the change produced by the dis- 
turbsnce; the times obiierved before the commencement of the perturbettoo 
being sensibly loiu'cr than those which were determined during its coo* 
tinu&nce : thus the following times of vibration were observed on the 23rd 
of November. 

Before the distuibence. After It had eoramenoed. 

h. m. •« h. m. I. 



The following day the dme of vibration returned to its prefious diin^ 
tion. 




3 30 Timeofvibr. = lf-1669 

4 30 s= 

G 0 . ^ ir.ni 

^ 0 — n 1214^ 



9 0 Timeofvibr, = 1^ 075^4 

10 0 as 112 0694 

1 1 0 = 12 0753 

12 0 — 12 0624 

13 0 = Ig-mi 
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depend on the angle which the direction of the disturbing iui ce 
makes with that of the regaiar foree. By the hourly observA- 
tionsy the SSrd of March appeared to be a day of greater 
disturbance than any other m the month ui respect to the hori» 
lontal mteiisity* although not a single shock was shown by the 
declination magnetometer. Had, however, the observations 
been continnous instead of hourly, the declination might also 
have been seen to have been disturbed. 

VII. The more these phfpnomena nre studied the more 
strong becomes the impression of the importance of observing 
them at short intervals, TlH)se of ,5 minutes ore too lon*^', for 
the bar may alter its position many hundred scale-divisions 
in that interval, as \\c lound by the Pratjue bifilar on the 
22nd of Octobei . On days of great thsturbances, or when 
the aurora borealis is seeu^ we observe the two horizontal 
elementSi here and at Oottingen, uninterruptedly tor several 
hours at intervals of 15 or SO seconds: it is much to be de> 
sired that this practice should become more general* 

In my letter to M. Kupfier, 1 noticed certain vertical vi- 
brations supposed to be produced bv earthquakes. By a 
mistake of the pen these were said to nave taken place in the 
dipping-needle, whereas it was in the declination magnetome- 
ter that they occurred. In Prague this instrument is sus- 
peiulLcl tu a beam, which is supported by the principal walls 
of the house, and such vibrations only lake place during 
very violent winds. In such cases there can be no doubt 
tiiat they are due to tins mechanical cause. 

In addition to the magnetic observations, we now note the 
temperature of the earth from one to five feet deep, and the 
height and temperature of the Moldau. I wish to add ob- 
servations on the temperature of the dew-point and the in- 
tensity of the son's rays, and shall be much obliged to you 
to in&nn me the price of the actinometer and the dew-point 
hygrometer, that 1 may request our government to purchase 
tliese instruments. 

I remain, with the highest esteem, &c. Sec 
Major Sabine^ R.A, Carl Krkil. 



LXII. On Mr. Potter's Application of Huyghens's Principle 
in Ph^ical Optics* Bjf John Tovey, JStg* 

To the Editors of the PhOosophicat Jiiagazine ondJottmaL 

QENTLBMSMy 

IM your October Number, p. 24S, Mr. Potter gives some 
examples of the application of the principle above-named; 
irom which he contnids that the mult of this principle is 
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" that light ought to bend into the shadows of bodies to an 
iiidtiiiiite extent, as sound is known to pass through all aper- 
tures and to bend round all obbiacles." Consequently, *• that 
the result Mr. Airy (Tracts, p. 270«) has obtained by an 
approximate method is not to be depended upoDf and that 
the objection to the undulatory theory, which was believed lo 
have been removed, remains in full force." p. 946. 

I thought it possible that Mr. Airy miffht reply to thisy bat 
as be has not yet done so, I bea to be allowed to offer a few 
wordfi, in order to point out the mistake which I conceive 
Mr. Potter has made. 

The expressions, which Mr. Potter obtains for the inten- 
sity of the light, have reference only to a certain line C B. 
He has not shown that there oui^ht to i)e any lio^ht in the 
shadow except on this line. But a luminous line i:» merely 
a geometrical conceptbn, from which no inference can be 
drawn as to the sensible intensily of the light in the shadow 
where this line is found* 

It appears then that Mr. Potter has mistaken a luminous 
Utie for a luminous space ; and, consequently} that his oon- 
elusions have^ in reality, no foundation. 

The meaning of what I have here stateil mny be illustrated 
by a fact which Mr. Potter has mentioned. The intensity 
of the light at certain points on a line in the centre of the 
shadow of a circular cii^c is, according to the theory, the 
same as if the light }ia?;:,ed uninterruptedly. Now, when the 
disc is very small, ^ud the light properly managed, a luminous 
spot may be observed in the centre of the shadow: when the 
disc is larger the spot vanuhes; not from the diminution of 
its brightness^ but from the diminution of its magnitude. 

I am, Gentlemen, yours, &c 

LitdeiDore, ailheroe, Nov. 5, 1840. JoHK TovsT. 



LXIII. On the Focal Properties of Surfaces of the Second 
Order. By James Booth, A.M,^ of Trinity Cclkge^ 
Dublin ; Principal qf and Professor ^ Maikewutiics in Brisr 
tol College, 

"IIT^HETHER properties of surfaces of the second degree 
* ' exists analogous to those of the foci of the conic sec- 
tions, has long been a subject of inquiry with the most distin- 
guished geometers; amon^ whom may be mentioned as pre- 
eminent in researches of this nature IVf. Chaslesand Professor 
MacCullagh, who have arrived independently at a series 
of discoveries, of which may be stated the most im- 
portant and fundamental, the property, that ia the prin- . 
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cipal pUuMs of a sur&ce of the second order, there oast conic 
sectioiiSy termed by him eccentric conks, conlbcal to the 
sectioni of the stirmce in the principal planes; possessing 
properties analogoits to the foci of eonres of the second order; 

and cylinders perpendictilar to those planes, bearing an ana- 
lojry to the directrices of the same curves;" hut this and other 
theorems of the same class, may be considered rather as the 
limiting relations of coofocal surfaces, than as analogous to 
the well-known properties of curves of the second degree ; 
and this view of the subject is further confirmed by the consi- 
deration, that the theorems above alluded to &il in the very 
case most analogous to that of the conic sections^ when the 
surface is one of revolution round the transverse axe. 

M. Chasles, indeed, in a very el^ant memoir published 
now more than ten years ago has given several ot the ana- 
logous theorems in the case of surfaces of revolution round 
the transverse axe, but has not hitherto extended his re- 
searches to the case of oblate spheroids, or to that of surfaces 
having three unei^ual axes, to do which is the object of the 
following pu^es. 

By a simfHe application of a new method, which has now 
been for some time published f, I have been led to the dis- 
covery of a very extensive class of properties of surfaces of 
the second degree, hitherto, I believe, entirely unknown ; from 
which may be easily deduced a series of theorems, relative to 
curves of the second order, none of which, so far us I am 
aware, have been yet ^iven to the public. 

The restricted limits of the present coniniunication pre- 
clude the possibility of giving more than an outline of the 
theory, and the euunciuiions of several new theorems, the 
demonstrations of several of which being somewhat tedious, 
have been suppressed ; but this can cause no difficulty to any 
moderately expert analyst. 

(1.) Let o,^ c, denote the three semiaxes in the order of 
magnitude of a surface of the second order, which for brevity 
may be represented by the symbol (2), and let the eccen- 
tricities of the three principal sections of the surface (X) be 
«^ f, % so that 

(2.) Let u denote the semidiameter of the surfiuse passing 

I • See the Kouoeaiue Memmre$ de F Acadeime Royak dc TirtuceUet, vol. v. 

t a short treatise by the author, On the aDplication of a new 
Analytic Method to the theory of Curvet and Curvea Surfiifies.*' Dublin, 
Hodges and Smith, 1840. 

PhU. Mag. S. 3. Vol. 17. No. 112. Dec 1840. 2 F 
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throuf^h ooe of its umhilieh and let a point be asMined oa 
this diameter^ at the distance u c from the centre; this pcMni 
nay be termed a./!)ie«i of the surface* Hence in genctnl a 
surface of the second order hasybMrrocif situat^ on the 

umbilical diameters. 

(3.) Let a plane be dra^n parallel to one of the circular 
sections of the siu face, meeting the umbilical diameter cou« 

jugate to this circular section* at the distance from the 

centre ; this plane may be termed a directrix plane of tlie 
surface. 

This plane, and the focus of the surface, on the diameter 
of the surface, conjii»jfite to this plane, are polar plane and 
pole, relative to tlit given surface. Hence in general a sur- 
face (2) has four directrix planes^ parallel two by two, to 
its circular sections. 

Each pair ui those planes intersect in the directrices of the 
principal section, whose semiaxes are a and 6; and these 
pairs may be termed conjugate direeiris planes* 

The foci of the surface, which are the poles of the coiju* 
gale directrix planes, may be called coffp^ate Jbci* 

The line joining a pair of conjugate loci is perpendicular to 
tlie plane of the principal section in the plane of whose 
semiaxes are a and b. 

(4.) Let the middle point of this line be called the focal 
centre of the surface. Hence in general a surface of the 
second order hasjbur foci and two tocal c£KTK£S. 




Thus C is the centre oC(X)» 

G and : x i^>< i mbilici, s and i' the conjugate foci of 
the surface; A D, A the conjugate directrix planes ; O the 
focal centre of (i) ; or the focus of the principal section of 
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(^) in the plane of x^, CO = t<,CX = a, CZ = c, CY 

' i ' ^ ' e 

(5.) Let d = D A C, be the angle which a directrix plane 
(or which a circular section of the surface as being parallel to 
it) makes with the plane of xy, or with the plane of the prin- 
cipal section^ whose semiaxes are a and b } then 

cos 9 SB 

f 

(6.) Let (D be tlie ui^io which the umbilical diameter u 
makes with the corre^ipondjing directrix plane^ then 

^ ^ cic 
tan* a> =i tan^ CD I a= , » tax/ia — a^J or ainit » . 

Hence in two cases, the directrix plane is perpendicular 

to the diameter conjugate to it; either when the surface is one 

of revolution round the transverse axe, when b = or when 

(S) is an oblate spheroid, in which case a = b. 

When tlie surface 1:5 an elliptic paraboloid, lot I and /' be the 

semiparameters of the parabolas in the planes of xi/ and x z ; 

p 

then 4 = 0^ and ain* « ss . 

(7.) When(S) is a surface of revolution round tlie transverse 
axe, or the axis of X, ») = 0 ; and in this case the conjugate 
directrix planes AD, AD' coincide and become perpendicu- 
lar to the transverse axe CX, at the distance — from the 

e 

centre; and the foci of the surface coincide with the focal 
centre ; but when (X) is an oblate spheroid ^ = 0, and a ss >] ; 
in this case then 0 = 0, or the conjugate directrix planes be- 

come parallel to the plane of xyf distant from it by ; and 

the focal centre coineides with the centre of the surface. 

(8.) When the surface is an elliptic paraboloid, one pair of 
conjugate directrix planes is infinitely distant, so that this 
surface has but two roci, and directrix planes. 

(9.) When the surface b a cone^ the conjugate directrix 

K lanes pass through the vertex, and are parallel to the circu- 
vt sections of the cone ; the foci of the surface^ and the focal 
centres all coincide with the vertex. 

(10.) The distance of a focus of the surface (X) from the 

^ ^ M 

focal centre^ or from the plane of jr^i is s — ^ , 

2 F2 
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(110 The line OQ a- or the cord of (S) pemg 

through a |Hur of conjugate loci as . 

(12.) The length of the perpeudiculur iVom one ui die 
foci of the surface on the corresponding directrix plane, is 
_ 1? 

(13.) The length of the perpendicular from the centm on 

one of the directrix planes = . 

(14.) The segmoit of the cord joining a pair of conjugate 
foci, intercepted between the plane of my and one of m dU 

rectrix pinues, is = . 

a )j 

(16.) The length of the perpendicular from the focal centre 

on one of the conjugate directrix planes = . 

We now proceed to |p?e the enunciations of a reiy few 
theorems, merely as specmiens of the results which 6ow from 
the preceding definitions, and the application of the method 
alluded lo above; premising that neither the preceding de- 
finitions, nor the following theorems, are applicable either 
to the hyperboloid of one sheet, or to iliu hyperbolic parabo- 
loid ; anil this may suggest a natural division of surfaces of 
tlie second order into two classes, tlie one containing die 
umbihcal surface8» the other those surfaces whose generatrices 
are right lines. 

Pbop* L— From any point r of a surface of the second 
order, let perpendiculars j/, be let fall on two conjugate di- 
rectrix planes ; the rectangle under those perpendiculars is to 
the square of r, — the distance of the point r from the focal 
centre O, relative to those conjugate directrix planes in n con- 
stant ratio, as the square of the perpendicular P from the 
centre on one of the directrix plaues is to the square of the 
transverse axe or 



this constant ratio is one of equality, when the least semiaxis 
c of the surface is equal to the perpendicular let full froui 

tfie centre of the surfiuse on tiie line joining the esttremities 
of the semiayes a and bi this ratio of equality can never exist 
fhoi when the surfrce is one of revolution round die trans- 
axes, except when (X) is an elliptic paraboloid. 
Oeneraliy when the ratio is one of eqiualiljt s* •ff* s ], 
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When the surface is one of revolution round tlic transverse 
axe the conjugale direcUix planes coalesce, ^ and there- 

fore coincide* and are equal, and P = j-: hence -£ s -i. ; 

which is a fundamental property of rarfaces of revolution and 
of the conic sections. 

When the surface is an oblate spheroid the conjugate di- 
rectrix planes become parallel to the plane of xy^ and the * 
focal centre coincides with the centre of the surface, the 
perpendiculars /j// are in the same right line but on opposite 
sides of T, liciice in an obiate spheroid, if a right line is drawn 
pel jiendicular to the directrix planes meeting the surface in 
T, and the directrix planes in 77z and ?«' ; the rectangle t 
X X /»' is to llie square of the senndameter^O t, as the square 
of the distance between the directrix planes is to the square 
of the diameter of the central circular section, or 

at r X Tmf mnf 

When llic surface is an elliptic paraboloid, let / and V be 
the semiparameters of the parabolas in the planes of xtf and 
*h then ^ p 

When the surface is a cone* let a and |3 denote its semi* 
angles; a>^$ then 

pjf _ sin* /3 
tan^a' 

or the square of the distance of any point on the surface of a 
cone firom the vertex is to the rectangle under the perpendi- 
culars from the same point on two planes passing through 
the vertex parallel to the circular sections of the cone in a 

constant ratio. 

Prop. il. - The cone whose vertex is a focal centre of (2), 
and base any plane section of this surface, has its circular 
sections parallel to the planes passing through the vertex of 
the cone, and the right lines in which the base of the cone 
intersects the conjugate directrix planes. 

When the base of the cone passes through the right line^ 
in which the conjugate directrix planes intersect^ the planes 
parallel to the circular sections coincide^ and the cone is 
therefore a surface of revolution. 

Hence the cone whose vertex is a focal centre of (2), and 
base any plane section of this surface, passing through the 
intersection of the conjugate directrliL planes9 is a surface of 
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nvolution» iU axis being the line joining the conjugate ibci 

of the surface. 

When (S) is a snrfnce of revohition round the transverise 
BXe, t!ie conjiii^^aie clirecirix planes coincide, therefore the 
planes tlirough the vertex of the cone and the intersections of 
the directrix planes by its base, coincide, hence the cone is 
a right cone, and we obtain the known tlieorem, that " the 
cone whose vertex is the focus, and base any plane section 
of a surfiwe of revolution^ round the transverfie axei Is % 
right cone." 

Hence also the cone whose vertex is the centre of an ob« 
late spheroid and base any plane section of this surface^ has 
its circular sections parallel to the diametral planes passing 

through the right lines in which the base of the COne int^T^ 
sects the parallel direcli ix j^laiiLS. 

Prop. II I.-^ The precednig iheorem may be generalized 
thus: let a cone enveloping (S), having its vertex anywlx re 
on the line QQ' j<^iiiiug the conjugate Joci, be cut by any 
plane passing through the intersection of the conjugate di- 
rectrix planes In a conic sectiony the cone whose base is this 
section and irertex the focal centre of the surfiice^ is a surface 
of revolution. 

Prop. IV. — Let a rieht line be drawn meeting a surface of 

the second order, in the points r and r', and the conjugate 
directrix planes in the points m and m\ the segments of this 
right line» m r and m' t', subtend equal angles at the focal 
centre. 

When the line is parallel to one of the directrix planes, 

it ma^' be ensily shown that the rectangle in t x mr^ = mO\ 
O being the focal centre, and m the }ioint in which tlie right 
line meets the directrix plane to u liich it is not parallel. 

Hence, if a tangent plane ii> diawa to a surface of the se- 
cond order at the umbilicus, meeting the other conjugate 
directrix plane jn a right line, the distances of any point in 
this right line from the iimbilicus and focal centre are equal. 

When the surface is one of revolution round the transverse 
axe the points m and m' coincide, or the line O m bisects the 
supplement of the angle r O t', which is a known property of 
such surfaces. 

Let a series of surfaces of the second order, having the 
same focal centre, and the same pair of conjugalt directrix 
planes, be cut by any transversal; the segments of this right 
lintj, between each pair of surfaces, subtend equal angles at 
the common focal centre. 

When (S) is a cone, if from m any point In one of the 
directrix planes a right line Is drawn parallel to tbe other. 
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meetiog llie cone in the poitits r t^, the rectangle mr x m't 
s square of the disUince of m from the vertex of the e<tfw. 
Hence Ifn isphere is described through the circular base and 
vertex of a cone, the tangent plane to the sphere at tlte vertex 

<d the earn is peraUe! to the weoad draider teethm of the 

cone. 

Prop. V.— From the four foci of a surface of the second 
order, let fall perpendiculars on a tangent pianu ; muldpiyfaiff 
together the perpendiculars from those foci which are aUiiitea 
on the same diameter and talcing the sum, vre have 

b- sia' f + cos" » p » denotinglbe 

angle the perpendiculars make w^tii tlip -wis of Z. 

When (2) is a surface oi' rcvuiuiion round the transverse 
axe P =s P', /> =s 6 = c and u = a; lience Pp = b\ 

When iIk urfice iseneUlptic penibolnid, P end Fere 
tofinita, and » e ubiain 

(P -r }>') COS X M / dn* s cod» », 

X being the angle the perpendicular makes with the axis of X. 

Prop. VI. — Tlirougli any point of a surface of the second 
order, let two cords be drawn, pa^^siuK tbi uugU the exlrctnities 
of the cord of the snrfiwe Q Q', wbidi joins a pair of coi^n* 
|pite foci, and meeting one of the conUignte directrix planes 
in the points m, in', iheijt; points m, nr, i>ubt€ud at the focal 
centre a risbt angle. 

Prop. VIL— >Lei a plane quadrilateral be inscribed in a 
surface of the second order, whose' sides, a, ^, y, 8, are pro- 
duced to meet one of the directrix planes in the points 
A, B, C, D. The stun of the angle* wlucb the points A, B 
and C, D subtend at the ibcel centre is equal to two right 
angles. 

Let two of ihe aidas «t of the quadrilatsnd be fixed, and 
let y, 9 be variablet iha A and B are fixed, and therafbn 
the angle A OB is coostanti henee also the C O D is 

constant. 

Dep.— The right line in which two tangent planes inter* 

sect, and tlie line joining tiie points of contecly ere called 
cm^Mmate volari relative to the given surface. 

Prop. vIIT.— Two conjugate polan to e snriiice (S), meat 
one of the directrix planes in two poinb^ whlch snbtend ft 
right angle at the focal centre. 

iVIien die conjugate poktfs become conjugate tangents, the 
proposition still liolds, and when the conjugate tangents are 
tangents to the lines of curvattire they arc at right angles. 
Hem if a tangsnt plane be draini to any point of • ani&oe^ 
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meeting one of the directrix planet in a right line, and the 
tangents to the lines of curvature be produced to meet this 
line in the points r??, vi\ the sphere descrihed on m r?/ as dia- 
meter will pass through the point ot contact and tlie focai 
centre ; l)ence may be given a new method of determining 
the lines of curvature. 

Prop. IX. — Tln ougb the focal centre of a surface (S), let 
a light Une and a plane be drawn perpendicular to each 
other ; the line meeting the siiHhee m a point r, and the 
plane meetinff one of the directrix planes in a right Un« mw^i 
the planemn? r envelopea a sm'&ceof rerolotioii* whose fboaa 
IS the focal centre of (X)s and whose directrix plane passes 
through the intanactkm of the ooojogate durectris piimes of 
the given snrfiioe. 

Let the equation of the sorfrce^ the origlii being placed a4 
the focal centre^ t>e 

^ + ^ + ^ - ^ = (a) ; («' y being the 

coordinates of the point t; let ^ = { + (b) v a j3, 
(b') be the* taneential equations of tfie line » nr in the diree- 
trix plane; ana^( + y v + ^ 1 (<:] the equation of the 
plane passing through the point r%htfine 

SI m\ 

In the first place^ as the line mm^ is io a plane passing 

tlirougii the origini ^ = y ss ; and equationjs (b) (b') 

are changed into |B-^{+«f «»^{ + ^; and as the 

line m w! is in the directrix place of which the tangential co* 
ordinates are 

f = , » «■ 0^ ? I c • «f •» ? 

must satisfy the tangential equation of the right line in in ; by 
these substitutions the equations (b) (b') are changed into 

z'ch^v = if (b- € ^—ah^) J ^ ' 

;in(l we have now to eliminate between the four equa- 

tions (a) (c) (d) ; from the tlirec latter we get 

o- ( tj 

* See the treaiiftc quoted abov^pi^ U. 
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~ + w« + <♦) + fl«*e^-aAci5* 

PtaUiDg thoM TJilaet of «^ y in (a), and nakiqg 

V = b'c' (f+u* + ?*) + 2 oc*<- f ^, 
we thail find for the resulting equation 
^<^a{S£<ri|<-c'(re-.a('}V s 0, which is latiified by 
potting V « 0,or if'c* u* + ^') + 2ac»?f = a',' + 
the tangentiftl equation of nil ellipsoid of revolntion whose 
ibcus coiiiciUcs witb the oii^iii. It is ciisily -^huwii that tlie 
tangential eqnation of the given surface referred to the aanie 
origin and nxes is + •/) + c- ^- + 2 n = 1. 

Hence if the given surface is a jiurfuce uf revolution i) s (V 
and the locos rotind beoomct identical with the pven aor* 
ftee, as is otherwise known. 

When the given surface is an oblate spheroid e = O^a = b, 
and tiie locus becomes (f + + = 1» the tangential 
equation of a sphere described on the axia of revolutioa of 
the oblate spheroid as diameter. 

Similarlj may it be shown, that if through any fixed point 
in space^ a ngnt line and a plane are always drawn at right 
atonies to CMU» odier ; the former meeting a fixed plane in 
a point T, and the second intersecting another fixed plane in 
a right line m m' ; the plane m n^r envelo|^ a surface of re- 
volution cf the second order, one of whose foci is at the fixed 
point. 

In a future Nutnber, after treatiog of the general and 
namerous IdndTed i^ropcrtics of the two atirfaeet of the se- 
cond order, whose <5ciicratriccs arc right lines, tin: author 
proposes resuming this subject, and developinff briefly a 
general metfiod, by the theory of reeiproeai ptSm% tJt de> 
nionstrallng these and other similar theorems, many ofwlilch 
want of space has cooipeUed him to omit in the present cwn- 
wmnicatioii 



LXIV. Address qf the General Secretaries of the BritisJi Associa- 
tion, RoDCucx IimT MtTBCHiaoNi F.G.S.^ and 
Major Edwaro Sabink, V.P.RS,i rwad mt tkf Mtttk% 

at Glasgmp, September Is 10. 

IN entering upon the duty assigned to us, we lieartilv con> 
gratolate oar aModates on lEts our second assemuly in 
Scotland. As on our first visit we were sustained by tlie in- 
leUectuai force ot the metropolis of this kingdom, so now, by 
Haitag tht chief navl of Soottiih odmniarcci and an andent 
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seat of learnings we hope to double tbe nambers of our 
northern auxiliaries. 

Supported by a fresh accessiim of tlie property and intelli- 
gence of this land, we arc now led on by a noble Marquis, 
who, disdaining not the fields we try to win, may be cited as 
the first Highland chieftain who, proclaiming that knowledge 
is power, is proud to place himself at tlie head of the clans of 
science. 

If sach be oar chief, what Is our chosen ground? — raised 
through the industry and genius of her son^ to a pinnade of 
commercial grandeur, well can thb city estimate her obliga> 

tions to science I Happily as she is placed, and surrooo ded 
as she is by enrth*s &irest gifts, she feels how much her pro* 
gress depends upon an acquaintance with the true structure 
of the rich deposits which form her subsoil ; and great as 
they are, she clearly sees that iier manufactures may at a mo- 
ment take a new fliirht by new mechanical discoveries. For 
she it is, you all know, who nurtured the man whose genius 
has chuiigcd llie tide oi liunian interests, by calling ijito acUve 
energy a power which (as wielded bv him), in abridging time 
and space, has doubled the value of nnman life, and nas esta- 
blished for his memory a lasting claim on the gratitude of the 
civilized world. The names of Watt and Glasgow are united 
in imperishable records I 

In such a city, then, surrounded by such recollections, en- 
couraged by an illustrious and time-honoured university, and 
fostered by the ancient leaders ol the people, nmy we not 
augur that this Meetin[]^ of the British Association sliall rival 
the most useful of our j)rovious assemblies, and exhibit un- 
doubted proofs of the increasing prosperity of the iiniish 
Association ? 

Not attempting an analysis of the general advanoe of aci^ 
ence In the year that has passed since our meethig at Birmin^ 
ham, we shall restrict ourselves, on the present occasion, to 
a brief review of what the British Association has directly ef- 
fected in that interval of time, as recorded in the last published 
volume ofonr Transactions. From this straight path of our 
duty we shall only deviate in oflering a few general remarks 
on subjects nitiniately counected witli the well-beiug and dig- 
nity ot our institution. 

One of the most important — perhaps the most important 
service to science — which it is the peculiar duty of the Asso- 
ciation to confer, is that which arises from its relatbn to the 
Government,— the right which it claims to make known the 
wants of science, and to demand for them that aid which It la 
beyond the power of any scientific body to bestow. In die 
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fblfilment of this important and responmble duty, the Asso- 
ciation has continuea to act upon the principle already laid 
down in the Address of the General Secretaries at the meeting 
at Newcastle in 1838, namely, to seek the aid of Govemment 
in no case of doubtAil or minor importance ; and to seek it 
only when the resources of individuals, or of individual bodies, 
shall have proved unequal to the demand. The caution which it 
has observed in this respect has been eminently ilisplayed in the 
part which it has taken with reference to the Antarctic expe- 
dition, and to the fixed magneticul observatories. It absiaiiied 
from recommending the lormer to the Government until it had 
called for, and obtained from Major Sabine, by whom the 
importance of such an expedition was first urged, a i-eport in 
which that importance was placed beyond all doubt ; and it 
withheld from urging the latter» although its necessity was 
fully felt by some of its own membersi until the letter of 
Baron Humboldt to the Duke of Sussex gave authority and 
force to its recommendation. 

The delay which has in consequence occurred, has been 
productive of signal benefit to eacii branch of this great two- 
fold undertaking. JSiiice the lime alluded to, our \ icws of tiie 
objects of investigation in terrestrial niai;llLti^ni luive been 
greatly enlarged, at the same time that liiey have become 
more distinct. Major Sabine's memoir on the Intensity of 
Terrestrial Magnetism has served to pouit out the most in- 
teresting portion of the surface of the globe, as respects the 
distribution of the magnetic force, and has indicated* in the 
clearest manner, what still remained for observation to per* 
form ; and the beautiful theory of M. Gauss, which has been 
partly built upon the data aflbrded by the same memoir, — 
while it has assigned the most probable confi'^uration of the 
mni^netic lines of decbn;ition, incliimtion, and intensity, — has 
done the same service with resj)ecL to all the three elements. 

In another point of view, also, delay has provetl of great 
value to both branches of the undertaking, but more especially 
to the fixed observatories. Our means of instrumental re- 
search have, since the time of their first projecUon> received 
great improYements* as well in their adequacy to tiie objects 
of inquiry, as in their precision; and finally, the two great 
lines of inquiry^^the research of Uie distribution of Terres- 
trial Magnetism on the earth's surface, — and the investigation 
of its variationsi secular^ periodici and irregular,— hare been 
permitted to proceeil pari passit. 

Last of all, the prudent caution, and vigilant care, which 
the two great scientific bodies have exhibited, both in the 
ongiu and progress ot the undei'toking, have naturally in- 
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spired the Ooverament with confidence ; and while on the 

one hand science has not hesitated to demand of the country 
all that was requisite to give completeness to a great design, 
so on the other, the Government of the country has not hesi- 
tated to yield, with u liberal and unsparing hand, every re- 
quest the importance of wlilch was so well guaranteed. 

But while we thus ciiumeiate the benefits which have re- 
sulted to magnetical science from the delay, it must be also 
acknowledged that something has been lost a!so^ not to sci- 
ence, but to British glory. Although terrrestrial magnetism 
stood forward as the prominent object of the Antarctic expe> 
dition, yet it was also destined to advance our knowledge of 
the physiqtie du globe,** in all its branches, and especially in 
that of geography. Had the project of an Antarctic expedition 
been acceded to when it was first proposed, viz. at the meet- 
ing of the British Association, in Dublin, in 1835, there can 
be no reasonable tloubt, that a discovery, which by its extent 
may almost be designated a Southern Continent, situated in the 
very region to which its efforts were to Jiave been chietly di- 
rected, must have fallen to its lot; and the flag of England 
been once more the first to wave over an unknown land. Bat 
wbile^ as Britons^ we mourn over the loss of a prize wbich 
it well became Britain and British seamen to have made 
their own, it is our part too as Britons» as well as men 
of science^ to hail the great discovery — one of the very lew 
great geographical discoveries which remained nninade ; — and 
to congratulate those by whom it has been achieved, those 
whom we are proud to acknowledge as fellow-labourers, and 
who have proved tlieniselves in this instance our successful 
.rivals in an honourable ami generous emulation. 

The caution which has characterized the British As^ociaiion 
in the origination of this great umlertaking, has been iollowed 
up by the Royal Society in the manner in which it has plan- 
ned the details, and in the vigilant care with which it has 
watched over the execution. Of the success wbich has at- 
tended this portion of the work, the strongest proof has been 
already given in the unhesitating adoption of the same scheme 
of observation by many of the continental observers, and in the 
wide extension which it has already received in other quarters 
of the globe. All that yet remains is to provide for the speedy 
publication of the results. The enormous mass of observa- 
tions which will be gathered in, in the course of three rears, 
by the observatories established under British auspices, and 
by the Antarctic expedition, will render this part of the task 
great expense and labour. To meet liie loj uier, we 
^in look to the Govei nment, and to the East India 
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Company, who will certainly not fail to present the result of 
their munificence to the world in an accessilile form. The 
latter can only be overcome by a well-orgaui/ed system. The 
planning <^this i^stein, will, ofcoarse^ be one of the first duties 
of the Royal SocieU; and it is important that it should be 
so arrangedj that while every facility in the way of zedttction 
ma^ be 0;iven to those who shall hereafter engage in the theo- 
retical discussion of the observations, care is taken at the same 
time that the data are presented entire, without mutilation or 
abridgement. The Council of the Royal Society, will, doubt- 
less, be greatly assisted in this duty by the eminent individual 
who has hf\d in every way so large a share in the formation 
ot these widely scattered magnetic establishments, and whose 
own observatory, founded by the munificence of the Dublin 
University, has nearly completed a twelve months* magnetic 
observations on that enlarged and complete bysLeui ol whicii 
it set the first example. 

In referring, as we have done, to those most valuable ser- 
vices which toe Royal Society have rendered, and are con* 
tinuing to render, in directing and superintending the details 
of this great undertaking, in both its branches, it is right that^ 
on the part of the British Associati{>n, we should express the 
cordial satisfaction and delight with which we have witnessed 
their exertions, united with tnir own in this common cause; 
nor shoulil we omit to recognize how mucli this desirable con- 
currence has been promoted by the influence of the noble 
president of the Royal Society, the Marquis of Nortli;iin})tnn, 
whom, as on so iuany former occasions, we have the j)leaAure 
of seeing amongst us, as one of our warmest supporters and 
most active members. 

In the volume of our Transactions now under notice, is con- 
tained the memorial presented to Lord Melbourne by the 
Committee of the British Association, appointed to represent 
to Her Majes^'s Government the recommendations of the 
Association on the subject of terrestrial magnetism. This 
memorial is one of many services which have been rendered 
to our cause by Sir John Herschel, whose name, whose in- 
fluence, and who>c exertions, since our meeting two years since 
at Newcastle, have largely contributed to place the subject where 
it now stands. The devoted labour of other of our members 
has long been given to an object which they have had deeply at 
heart, viz. the advancement of the science of terrestrial mag- 
netism ; but the sacrifice which Sir John Herschel has made 
of time, diverted from the great work, in which his ardent 
love of astronomy, his own personal fiime^ and his father's 
memory are all deeply concerned^ the more uige&tly demands 
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from our justice a grateful monlioiiy beeause the fldenoe of 
uiagnetim bad no claim on hiiD, beyond the interest fi^t in 
every branch of science* by one to whom no part of its wide 
fiekl is stranoe^ and the regard which a national undertakii^ 

such as this deserved, from the person who occupies his di- 
ftinguislied statioin amongst the leaders of British science. 

The advancement of human knowledge, which may be 
rtckciiRcl i]{)(>n as the certain consequence of the Antarctic 
expediliuu v^^iniiild Providence crown it with success), arul of 
the arrangements connected with it, is oi so exLciislve a na- 
ture^ and of such incalculable importance* that no justcr title 
10 real and lasting glory than it may be expected to ooofbrt 
has been earned by any coontrv at any penod of time; no* 
thing has ever been attempted bj England more worthy of 
the place which she occupies in the scale of nations^ "Wnen 
much which now appears of magnitude in the eyes of politi* 
clans has passed into insignificance, the fruits of this nnderta* 
king will aistinguish the age which gave it birth, and, engraved 
on the durable records of science, will for ever reflect honour 
on the scientific bodies which planned and j)ioiiu)ted it^ and 
on the Governmuit whichy with so much UberaiUy^ has car> 
ried it into effect. 

Were the value ot this Association, Gentlemen, to be mea- 
sured onl^ by the part which it has taken in suggesting and 
urging this one object, there might here be enough to satis^ 
the doubts of those who question its utility: to overlook sucn 
aote as these, and the power of public usefulness which they 
indicate, to scrutinise with microscopic view Uie minute de- 
fects incidental to every numerous assemblage of men, to 
watch with critical fastidiousness the taste of every word which 
might be uttered by individuals amongst us, instead of 
casting a master's eye over the work which has been don^ 
and is doing, ;il oiii iiit t inirr*;, i^q mark of superior discern- 
ment and corDpi t'lu iisive wisdom, but is evidence rather of a 
confrncriiLni to narrow views, and aa induigence of vain and 
ignoble passions. 

But to proceed with our useful eflbrts, — one of the principal 
ol|}ects of our Annual Volumesi is the pnUtcataon in the most 
aotfaentie Ibrm of the results of specul researchesi under* 
taken by the request^ and proeecoted in many instances at • 
the cost, of the Association. It is a trite remark, that if a 
man of telent has but feir play» he will soon secure to himself 
his due place in public estimation. We fully admit the truth 
of this in many mstances, and above all where the points of 
research are connected with commerce and the useful arts ; 

bttt nuioy also are the subtile threads of knowle^gCy whicht 
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diMtmfd at soine ibtQie day to be woven into tlM gtmt wab 
b wbich tlie tcienow are knit together, are yet not afipfe* 

clabie to the vulgar eye» and if simply submitted to piiblio 
judgement, would too often meet with silent neglecL r«^um- 
berless, we say, are the subjects (and if your Association ex- 
ceeds a centenary, still more numerous will lliey be) with 
which the retired and skilful man may wish to irrnpple, and 
still be deterred by his want of opportunity tu oi incan^. 
Then is it that, adoptin<^ tlie well-balanced recoiuuiendaLions 
ot the men in whose capacity and rectitude you confide, 
you btep forward with your aids, aod brmg about these recon- 
dite researobee, the rettdt of which in the vohune voder ovr 
notice, we now proceed to consider* 

The first of these ioqairies to which we advert, you called 
£or ut the hands of Profiassor Owen, upon British FeesiiRep- 
tiles," one of the branches of Natorsl History, on a correct 
knowledge of which the development of geolqgy is intinateiy 
d^endent. 

The merits of the autlior selected for this inquny are now 
widely recugidzed, and he has, with justice, been approved as 
the worthy successor of JohntHunter, that iliusu iou^ Scotcii- 
man who laid the foundation of comparative anatomy in the 
British isles. That this science is now taking a fre^h spring, 
would, we arc persuaded, be the opinion of Cuvier himself, 
could that eminent man yiew the progreia whieh our young 
countryman is makuig towards the oompletton of Uie temple 
of which the French naturalist was the great architect. It is 
therefore a pleesinff reflectioot that when we solicited Pro- 
SoKor Owen to work out this subject, we did not follow in the 
wake of Europe's praise, but led the way (as this Association 
ought always to do), in drawing forth the man of genius and 
of woi ill ; rind the value of our choice has been since stamped 
by tlir iippidval of the French instuntr. 

li Englislmien* first perceived somcili Iti^r of the natural 
affinities of Palaiosaurians, it was reserved iui Cuvier tu com- 
plele all i»uch prelixninarv labour. The publication oi his 
mlendid chaplm on the OiteokMpr of the urocodile and other 
Repli]es» draw new attention ana mora inteU^enl scrutiny to 
these remams; and it ought to be a subject of honest pride 
to us to lefiect that the moslifiteieetii^ firmts of the MMMrchee 
of that great anatomist were early oathered bv the English 
PaUeonlMogists, CUft and Hume. One of our leaders, whose 
report on Geology ornaments the volumes of this Associa« 
tion, formed the genus Plesiosaurus, on an enlarged view of 
the relation subsistiug between the ancient and mwkrn locms 
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of reptile life; while shortly afler Buckland established the 
prenus Mcf^alosaurus^ and ^waie[\yIgttanodon nnd Ht/leeosaurus, 
wori!i\ 1 ivals of the GeO'Sauri and Mnso-Sauri of Cuvier. 
Tile oilier Englishmen who have beal loileJ in this iield| are 
Do la Beche, Hawkins, and Sir Philip Egct ton. 

YeL alLhoLigli thi^ k poi t i:> on British reptiles, we are fully 
alive to the great progress which this department has made, 
and is making, on tne &>ntinent| through the iahours of Count 
Miinster, Jager, and Hermann Von Meyer. The lasUmen* 
tioned naturalist has been for some time preparing a series of 
exquisite drawings of very many forms unknown lo ns in 
England, most of which have been detected in the Muschel- 
kalk, a formation not hitherto discovered in the British isles. 
Yet despite of all tluu liad been accomplished in our own 
country or elsewhere, Professor Owen has thrown a new 
light of classification on this subject, founded on many new ly 
discovered peculiai iUei> oi osbcuus structure, and has vastly 
augmented our acquaintance with new forms, by describing 
sixteen species of PUstosauHf three of which only had been 
recognisably described by other writers ; and ten species of 
Ichthyosauri) five of which are new to science. Such results 
were not to be obtained without much labour ; and previous 
to drawing up his report. Professor Owen had visited the 
principal depositories of* En ah' osauvi described by foreign wri- 
ters, as well as most of the public and private collections of 
Britain. This, tlie iirst part of Mr. Owen's report, concliules 
with a (reneral review of the geological relations and extent 
of the strata through which he has traced the remains ot lit 
tish Eualiosauri. The materials which he has collected for the 
second and concluding portion of hb report on the terrestrial 
and crocodilean Sauna, the Chelonia, Ophidian, and Batra* 
chian reptiles, are equally numerous, and the results of these 
researches will be laid before the Association at our next 
meeting. Deeply impressed as we are with the value of this 
repoi*t, we cannot conclude a notice of it, without again allu- 
ding to its origin, in the words of Professor Owen himself. 
" 1 could not," says he, "have ventured to fiave proposed to 
myself the British Fossil Reptilia as a subject of continuous 
and systematic research, without tiie aid and encouragement 
which the British Association has liberally granted to me for 
that purpose." 

Mr. Edward Forbes, whose labours in detecting the difier- 
enee of species and varieties among the existing nuirine testa- 
oea of our shores, have been most praiseworthy, has on this 

occasion given us a report on the pulmoniferous mollusca of 
the BritisQ isles. The variations in the distributioa of the 
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species io this class of animals, are shown by him to depend 
bolb upon climate and upon 8oil» the structure of the country 
(or geological conditions) having quite as much share in such 
vnrieJ distribution, as the f»reatesl diversity of temperature. 
The Association has to thank the author tor valuable tables, 
which show both the distribution of the puluioniferous mol- 
lusca in our ulands, and tlieir relations to those of Europe 
generally. 

f To be continued.] 



LXV. Remarks on the ElectncUy ^ Steam. B^Dr. 
Charles Schapiiabutl*« 

T^ME discovery of a large quantity of free eiectricitv in a 
^ jet of steam t is decicwdly of great interest, bat tne cir- 
cumstances under which this electricity is developed, are still 
involved in such great mystery, that I cannot omit to call 
the early attention of the experimenter to some points which 
appear to me of primary importance. 

Is the electricity in the jet of steam developed b^ the simple 
evaporation of water in the boiler, by the expansion of high- 
pressure steam in the air, or !>y ihe condensation of the steam, 
that is in its transition f rom the gaseous state to that in which 
it begins to become visible? 

It would of course be easy to decide the first question by 
cementing a glass tube containing a ujelallic sviie into the 
boiler, the inner portion of which being of course in contact 
with the steam in the chamber, and precautions being taken 
to prevent the escape of steam either mto the cylinder or the 
open air. 

If I recollect right, during the process of evaporation, the 
evaporated part has been generally found to be negative elec- 
tric in respect to the remaining liquid; during condensation 
the reverse takes place. According to Mr. Armstrong's ac- 
count, the electricity of the jet was positive, and seems there- 
fore to correspond with the electricity developed by the pro- 
cess of the contieiisalion of steam. If we ascribe the elec- 
tricity contained in the jet of steam simply to the evapo- 
ration oi the water in tiie boiler, the opposite electric state 
of the boiler seems difficult to be explained by the laws of 
common electricity, because there appears to me to be no 
reason why the steam in contact with the inside of the Iron 
sheets of the boiler should not discharge its electricity the 

• Communicated by the Autlior f See our last >« uiiiber, pp. 370,375. 
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wunc as wiieii it comes in contnct with the outskle* except 
the inside of the dieet ifon, by a procen of oxidation, beeomce 
n non conductor of electricity in respect to the outiiide. An 
iocrustation, aewrdio^ to Mr. Armstrong's accoant, was found 
hi the boiler only aa high na the ttater reached ; but in boiler* 
in which the wnter becomes very muddy, and which, there- 
(ore, are apt to prime» a sort of thin lucrastation is otten 
■pfwd over the whole interior of die Iwiler aa wdl m iShm 
ivafety-vnlve, and therefore the state of the interior of the 
steam-chamber ought to be ver^ closely examined. 

The number of Nparln obtained by Mr. Armstrong from 
the boiler at n distance of a quarter of an inch, amounted to 
between 60 and 70 per minute. If we assume the quantitjof 
water neoossary for a SS-horse power high -pressure ei^ne 
to be 2'i7 cubic feet per minute, supplied by two boilers; one 
boiler evaporated, theiefore, 1*23 cubic feet per minute* ami 
tibe evaporation of SS-5 cubic inches of water with two oonrn 
of Newcastle con) would be necessary to pro<luce one spnrk 
of a quarter of nn inch length per secoiul, u quantity of elec- 
tricity wliicli seems to bear no proportion with the snail 
quantity of electricity produced duriiig simple evaporatiaii on 
a small scale. 

But Mr. Armstrong's experimenta teem distinctly to indi- 
cate that the electricity ot the steam depends chiefly on its 
density, and the great quantity' of free electricity may, tii4.'re- 
fore, perhaps, h» made sensible by the rapid expansion of 
high-pressure steam, and may perbaj""; have some relation to 
the quantity of free caloric becoming iaieiu during the ex- 
pansion of high-pressure steam. I scarcely need here mention 
the observation of Mr. Hare, that the operation of his defla- 
grator was entirely suspended by the operation of the com- 
mon galvanic trough apparatus; besides, all conductors of 
electricity durliin; mutual friction develope caloric, whilst 
non-conductors of elecuicity, on the contran?, during uuuual 
frictioa, develope, inttend of celoric, electricity. 

It seems to me n jrreat question whether the electricitv of 
tile steaui was not in close connexion with the deposit, ur 
the induration of the deposit upon the plates of the boiler. 

I have already shown in an article on steam-boiler explo- 
sions, published in the Mechanics' Magazine, that tho.sc in- 
cmsttrtuMif irere composed of a series of distinct layers, some- 
times ^ery easily separable, and which proves that the indu- 
ration or crystallization of these luycr^ notwithstanding the 
OOntinnonB evaporation and feeding, must have been occa.sione<i 
at certain interval8» and that one layer niist have already 



Digitized by Google 



on the EiectrieUy of Steanu 



4S1 



been in an indurated state before the other was deposited. 
The \uym assume a crystalltoe form only when tbey are in 
close contact with the iron plates. 

I have also shown in the above-mentioned treatise, that 
during the deposition of certain salts held in solution by the 
boiling water the ebullition became interrupted, taking place 
only at intervals, and always with a sort of explosion or sud- 
den development of steam, which often caused the glass flask 
to burst. During these sutltlen explosions the electricity of 
the escaping steam became so distinct, that it was readily 
indicated by a common gold-leaf electroscope; the electri- 
city of the steam, on thecontrary, escaping under ordinary cir- 
cumstances bein^ so feeble, that it cannul be detected widiout 
the aid of a condensator. 

The development of electricity during the crystallization 
of certain salts is yery well known, ancT many chemical d^ 
posits occur only under a certain pressure, to woich the liquid 
containing them is subjected. Thus the carbonaceous de- 
posits in common gas retorts are entirely obviated when the 
gas from the coals is evolved without pressure in the retorts, 
or even in a partial vacuum. 

The columns of vapour and smoke arising from the craters 
of volcanos generally discharge Haslies of lightning in all di- 
rections, and it is obvious that the discharged electricity is 
owing to the expansion or coiitlensation of the escapinrr vvater 
gas, if not to a chemical separation in the column ui biuoke 
ascending from the crater with an immense force. 

The dectricity in thunder-ciouds seems likewise to arise 
from condensation. I had once the good fortune to be im- 
mersed in a thunder-cloud hovering round the summit of 
Mount Brenner in the Tyrol, having with me at the time a ba- 
rometer, thermometer, bygroscope, and an electroscope. I saw 
the clouds forming around me on the summit of the mountain 
into vaporous bodies of an irregular roundish shnpe, wliicli 
seemed t() i cLain their form by an attractive force arising W orn 
the centre of each individual cloud, as they had not tlie 
slighte&t tendency to amalgamate with each other. The hy- 
groscope close to the cloud was not at all affected, and only 
when immersed in the cloud, it turned first a itw degrees, in- 
dicatin^r after a few minutes the highest degree of mobture^ 
and sinking grad ual ly back to its first point This fluctuation 
continued as long as I had time to obterve it. The electro- 
scope was likewise not affected at all outside the cloud. Im- 
mersed in the cloud the gold leaves began gradually to sepa- 
rate, the barometer at the same time slightly rising, and after 
each discharge of lightning both instruments returned to their 
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original state. From these observattoa^ ii would appear that 

with every flash of lightning the cloud become exiiansled of . 

its t'leciricily and rccliar^iccl iii-elf for cacli succeeding flash. | 
The air in the cloud seems to move trom the peripherv I 
to the centre, of the natnre of a whirlwind, flactaating witEi 
the leaves of tlie electroscope, and I had siiflicicnt time to i 
witness twenty-one electric discharges from the cluud in wliicli 
I was imncTwd, when the wind became so violent, that the 
in?;triiments were l)rokoii, antl I was obliged to cllii<; to tlie 
stump ut a tree to i>ave my^eit from being biuMit uvt-r thi- ) >i c- 
cipice ; but the uproar around me was increasing and fluctu- 
ating with the electric discharges from the clouds and tiie 
rapid alternations nt wet and dry in the clouds, was during 
the whole tiine in exact coincidenoe with the electrie dis- 
charges. 



LXVL 0» the Electricity of Effluent Stmm, W. G. 

AllMSTRONO, Eiq. 
To the Editors of the Philosophical Magazine caidjmamtd, 

Ik^Y letters to Professor Faraday on the remarkable de- 

iT.l ^.^ j|,,p„,j,j,^ ^It^ctricity which lias recently been dis- 
covered ni a jet ut steam issuing from a steani-<>ngine boiler 
in this neighbourliood, having already appeared in your pob^ 
licntion, it is, of course, unnecessary for me here to re)ieai the 
circumstances detailed in those letters. I shall therefore tnke up 
the nairmti^ of my proceedings, relative to this ctmons snbjectt 
at the point at which the second of tho^e letters concludes. 

Having ibund electricity in all the three boilers 1 had ex- 
amined in which water from the neighbouring colliery was 
u.sed, and not having discovered any indicntiinis of It in tbt.- 
boiler which was supplied with rain-water, 1 was naturally 
led to bdieve that the eftcts I have described were attribit- 
tnble to the pccnliar nature of \\\v water from which the 
electrical steam wua produced; and, under this inii resMon, I 
lost flo'time in visiting some other high-pressure boilers ID 
the same district, wliich weie also supplied with colliery water, 
strongly impregnated with lime and other mineral matter. 
The steam trom the salety-Talres of these boilers also proved 
to be electrical, but not to «;nch nn extent ns I !ind reason to 
anticipate from the similarity uf the circumstances to those 
tmder which electricity was ileveioped in such an extriKirdt- 
nary tlcgree nt Seyhill. I then proceeded to try a number of 
boilers in this town and neighbourhood, in which steam was 



Digitized by Google 



Mr. W« U* Armstroiig on iktt Eleetiiciljf <^ £ffmtU Steam, 453 

propagated under dU&rent pre$8Qre8> and from water of va* 
rious descriptions; and by insuUiting myself and holding a 
eonducting-rfxl in the steam disdiiirged from the safety- 
valvesi I succeeded In every instanoe in obtaining electrical 
epark^ which varied in the diirerent cases from about one- 
fourth to about hiilf an inch in length. 

In company with Mr. Robert Nicholson, the engineer of 
the Newcastle nnd Xortii Shields railway, 1 next tried the 
boilers of the locomotive enp;]iiL > used on that railway, and 
finding electricity in great aliundance in the ejected steam 
from these boileii-, 1 determined, with Mr. NiciioUoii'^ per- 
mission and assistance, to institute a set of experiments upon 
one of them, with a view to a fuller investigation af the ittb- 
jact. 

I shall now briefly describe sncli of these experiments as 
have been the most marked in their results, and shall divide 
them into two classes, first taking those which were chiefly in- 
tended to exhibit the extent to which electricity existed in 

the issuing stoiro, and then proceeding with the experiments 
which were undertaken to ascertain the cause of the electric 
development. Nearly all the experiments were made at 
night, under cover of" the engine-siied, and the atmosphere 
was generally humid ; but when it happened to be otlierwise, 
the (jiiantity of electricity derived from the jet was greatly 
increased. 

Upon trying the steam in the first instance by the method 
adopted in the prevtons casesi that is to say, by standing on 
an insulated stool and holdimr with one hand a light iron 
rod immediately above the safity-valve» while the steam was 
freely escaping, and then advancing the other hand towards 
any conducting body> sparks of about an inch in length were 
obtained : but it was soon observed, that by elevating the rod 
in the stcnm the electricity wn^? ixi-adually increased, and that 
the maximum efiect was not attained until the end of the 
rod was raised five or six feet aliove the valve, at which point 
the length of the sparks occiisionally readied two inches. 
Small sparks were even ul)tairic(i when the rod was wholly re- 
moved lioui ilie steam and licld in llie atmosphere at the 
distance of two or three feet from the jet, and the electricity 
thus drawn firom the air was positive, like that of the sleam* 
When the rod was extended mto the cloud of vapour which 
accumulated in the upper part of the shed, electricity was 
drawn down as by a lightning-conductor from a thunder- 
cloud. I endeavoured to ascertain whether any precipitation 
of moisture^ analcgoiis to the formation of rain^ accompanied 
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the ftbttncdon of eleetrieHj from the stnin*, and a «pHit* 

kling of wet was iindoub;edI_v flit on tlie face mid IinmJs 
by tbe person holding the rod, so long as be remained ia- 
sulated) but the effeet oeued m •oon as the iosnlatioa was 

destroyed. 

After I'uUy trj^ing tbe steam witb a simple iron rod, as a 
conductor, reeourse was bad to other conductors which pre> 

sented n larger surface to the steam, but t!i< ofTlrt was not 
materially increased until a bunch of point«il wires ol different 
lengths was attacbad to an iron rod and held in Hie issuing 
steuni, with the point- tin etiled downwards. The iron rod 
terminated in a round knob at Uie end next the hand, and 
from Ukis Itnob sparks of the mtasured letigth cf four inches 
were actunlly drawn, almost as rapidly as they could be 
counted, wliiie a stream ot electricity was at the same time 
passing- off from the rod, at Uie part which most nearly ap- 
proached the chimney of the engine. Very perceptible spnrks 
were also obtained when the points were held in a clear at- 
mosphere, at the distance of at least eight ftet from the nearest 
part of the jet. 

In all the preceding experiments, the efiect appeared to be 
proportionate to the ({uantily of .stcani discharged from the 
valve, when other things remained the same; and the elec- 
tricity became quite imperceptible '.theu the e*tjipe was very 
inconsiderable. 

By abruptly raising the valve when the engin - bvd was 
dark, the edges of the lever and margin of the bra>i> cup 
which surrounded tbe valve, were rendered distinctly lumi- 
nous with rays of positive electricity which were strongest 
the in&tant the valve was lifted, and then quickly sub&ided, 
lieooming very faint after the lapse ofe second. 

In proceeding to investigate the cause of tliis extraordinnrv 
development of electricity, the first question which I propu:>ctl 
for inquiry was, Where tloes the steam fii-st become electri- 
cal, that is to say, "is it electrical in the boiler, or if not, does 
it become so in pas!>ing through the oriQce, or not till it 
esca()es into the air? In order to determine which <if these 
three suppositions was correct, the appHratus represented 
in the auncxcd figure, and of which the following is a de- 
scription, was employed. 

A is a glass tube passing into the steam chamber through 
the cock 13, which was screwed into a hole in the top of the 
boUeryOnd was furnished with a stuffing-box to prevent escape 
between the outside of the tube and inner "iurface of the cock ; 
C is a stopcock allixcd to the upper euii uf the glai^ tube, 
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and upon which cock is screwed a second glass tube D ter- 
minating in another stop-cock E. 

The application of this apparatus will be . 
easily uiuferstood. If the steam were in the 
same stnte of electricity in the boiler as when 
it issued into the air, it would necessarily com- 
municate positive electricity to the insulated 
cock C, in passing through the tube. Or, if the 
steam acquired its electricity by friction, or 
otherwise, in the channel through which it was 
diacharg^, it could only, in the present instance, 
do so at the expense of the cock C, which, being 
insulated, would in that case indicate negative 
electricity. Or, lastly, if the electricity were 
developed by condens'ation, expansion, or any 
other cause which came into operation after the 
steam escaped into the air, then the cock C 
would have neither positive nor negative elec- 
tricity. . 

Previously to inserting the lower glass tube in 
the boiler, the steam was allowed to blow off 
through the large oock B,and theiet which issued 
from It proved, to the surprise of evei^ one pre- 
sent, idmost destitute of electricity. This result 
completely vitiated the inference 1 had drawn 
from the circumstance of not finding electri- 
city in the steam from the rain-water boiler 
before alluded to, in which case, as I have al- 
ready stated ill my second letter to Professor 
Faraday, the jet was obtained from the gauge 
cock. 

The lower glass tube, wiiliDuL the upper one attached to it, 
was then passed into the boiler, and a highly electrical Jet 
was obtained from it, which communicated positive electricity 
to the stop-cock C, from which the steam was discharged. 
The upper tube was accidentally broken in screwing it on to 
the lower one, leaving only about three inclies of glass above 
the cock C. Under, these circumstances the cock C still con« 
tinned highly charged with positive electricity, and a pale 
lambent light flashed at short intervals down the inside of the 
tube from the cock towards the boiler. 

Having replaced the broken glass tube u iili a new one, the 
experiment was tried again on a subsefjuent evening, and 
the jet being now renioved to a much greater distance than 
before tVom the cock C, no electricity whatever could be de- 
tected lu that cock, while the one above it indicated positive 
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ekcU icity in a very liigii degree. It therefore became pretty 
eviileiii tliiit the electricity was not developed until tiie ^team 
issued iiilo lite atmosphere, und liiaL die upper stop-cock 
derived its electricity from its contiguity to the jet One cir- 
comstance alone seemed in some degree to militate againsi 
this sapposition^ namely» that the ^ectricity of the cock £ 
was greatly increased when the cock C was partiail v dosed^ 
as if the expansion which in that case took f)lace in the opper 
tube rendered the steam electrical previously to its reaching 
the cock from which the jet was discharged. No negative 
electricity, !u>\vev(^r, coidd be discerned in any part of the 
apparatus, and without a development of negative electricity, 
1 cannot see how positive electricity can possibly arise from 
expansion. The more probable explanation of the effect ap- 
peared to be, tlial the partial closing of the middle cuck 
shortened the transparent or non-conducting pan of liicjet, 
and thereby caused the eteotricitv to be uiore readily commu- 
nicated from the opake part of the jet« 

In conseqaenoe» no doubt, of increased accumulation of 
electricity which was thus occasioned in the highest cock» 
together with the unavoidable dampness of the surrounding 
medium, the upper glass tube, and the cock above it» became 
illuminated in the most singular and beautiful manner. Flashes 
of wavering li«;ht flickered round the exterior surface of the 
glass, and darted from it to the distance of three or four 
inches, while strong rnvs ut clectrical light streamed from the 
ani^ular parts of the rock, and the flashes from the gla:>.s were 
accompanied by a snapping noise which was distinctly audible 
amidst the hissing of the steam when the ear was advanced 
within a short distance from the tube. 

The upper glass tube was then removed, and asan additional 
test of tne non-existence of free electricity in the interior of 
tiie boiler, a pointed wire was thrust down through the cock 
C and tube A into the steam, and effectual means were used 
to prevent the escape which would otherwise take place at 
the cock C, in consequence of the tap remaining open to 
admit the wire. Now this wire being insulated by the glass 
tube aiul ronmiunicating with the insulai'ed cock C, must have 
rendered that cock electrical, if the .steam were electrical in the 
boiler; but not the slightest indication of electricity couidj 
under these circmudiances, be found in tiie cock. 

Having withdrawn the pointed wire from the tube, another 
glass tube, of which the sectional area was about ten times 
greater than that of the one inserted in the boiler, was then 
attached to the cock €^ in the same manner as the tube D 
had been before. The comparatively large bore of thlH tube 
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«lloi*«d dw tteam to expand in • Teiy great degree befbra it 

issued into the air, and caused il to be discharged in tlie state 
of iow-prewure steam ; bat no dijninutioD of electricity could 
t» pereeivcd in Uie jet, vrhen diut attranatad; lo that the elso- 

trical development iloes not appear to depend upon the de- 



dade the possibilitj of the pliienoniena arising from expan* 
Mon, and me only renaining supposition appeared tn that 
ttir condensation which took place In the jet, set Tree the 
electricitjr which the steam had absorbed in the procen of 
•vapontion. This soppositioii had bean previously renderad 
probable, when it was discovered that tlic upper and most 
opake part of the jet yielded the most electrid^, althotwh 
I w« at firat ioMined to attribnte that eirconatanee to tne 
dumpness of the steam, in that part of t!i p jt r, rendering it a 
better conductor, and causing it to part inor« readily with its 
wewncny» ctApei uucuia were iwm, xooreKw, vomnieooeQ xo 
asoertntn the effect of insulatini^ t!ir lioiler, and wliolfy con- 
densing the steam ; but these require repetition betbre they 
ean be nindi relied upon. The great difBeelty is to eflfect 
insulation amidst so much nmisMire, but I have no doubt 
that with n little perseverance ibis object will be accom- 
plished, and I trust I shall be able to furnish, in time for m* 
sertion in the next Nuinhrr the I'liilosophical Magaiini^ 
such further results as will set the queisUun at rest. 

1 am, yours, &c. 
Newcaida upoa-Tyne. No?. 18, 18M. Wm. Geo. Armstrono. 

LX VI I. Further Experiments on the Eleclricity of Steaitu 
H. JL. pATTiMeoii, Ay., F.GS. 

GrXTLEMEN, 

GIN^^ "*y la^t letter to you, dated the 19th ult. (pub- 
*^ liahed at p. 375 of tbb volume), relative to the electridQr 
of steam issuing frotn tvD boilers at Cramlington Colliery, 
the subject ha^ been turtiicr pursued both by myself and 
others, and sparks have been obtained from the steam of va- 
rious boilers, in every direction. The mo<le of operating has 
generally been tliat describeti in my tetter, viz. suffering the 
steam to escape from the safety-valve of the boiler Iriedt and 
testing its electricity by holding in it a shovel or an iron rod, 
the operator standing upon an insulating stool. Sometimes 
the iddinuioiii heve been my diglrt^ wbA mme^mm thcr» 
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has hardly beeu any appearance of eleciricity iu the ^teani i 
bnt in such cmm Um tmb have been generally made under 
unfavourable circumstances, and from all tiiat has yet be^ 
done, the pi'esumptiou is certainly that steam is always more or 
less electrical. It is not, however, always electrical to the saoM 
coitMit under the same preasare, as I shall prwently show. 

Mr. Armstrong was the first to experiment whh a locomo- 
tive engine-boiler (one used on the Newcastle and North 
Shiekte railway)* from which be obtained very ttrilung re- 
Mdli. Thtt du«ctors of the Neweaatle and Canisle railway, 
through their secretary, Mr. Adamson, gave me permission 
to experiment upon the boilen of the locomotive eoginaa oo 
ihet Une, and I now to lay before yon the reMilts I have 
obtained. In preparing for, unti perfonnintj these experi- 
ments* 1 hav^ as before, been assisted and accompanied by 
Mr. Henry Stauth, and I have received the moit wUlm mm 
efficient uid from Mr. Anthony HsU gTBIeglkOttlM me&m- 
cal engineer on the railway. 

1. A oopper rod, half an inch in diameter, and five 6et 
long, was pro' UlJ, made holloa ft r lightness; tins was ter- 
minated at one end byu two inch bail, and at the other (which 
was bent at a right angle) hy ten or twdve aharp-poinlid 
Ivires, spread tmii \n every direction lo OoUect ihll tjitltlif Itjf 
more pertectly from the steam. 




9* The Wellington locomotive en|piM^ Immediately after 

coming to the i^tation with j n> t TiL'crs, was first tried. At 
this time the &team was biuwing iorcibly out of the safety- 
valve, at a pressure of fifty -two pound* per inch. On hold- 
ing ihi pointt i! conductor in this current of steam, with its 
points downwards, the individual holding it standing at the 
time on an insulating stool* aperks three to four indiea kii^ 
were given off from his person to the boiler. Thz sparks 
were largest when the valve was held down a nuimic or two 
•nd then suddenly lifted, so as tu suffer a large volonie of 
steam to escape with great rapidity. By this ninnni^f ment 
the sparks were frequently four iiiclies lung, and occasi(»n«d 
considerable pain to the person on the stool, even when given 
from a brass ball held in his hand. I'lie spark n rre largest 
when the p«)ints of the conductor were held in tlie steam 
about two.net above the valv^; but larger sparhs were ob- 



immA nina k wm hM nmdi biglier; and indeed sparks 

were obtained by holding the conductor entirely out of the 
cloud of steum, and at a distance from it^ for the air in the 
wooden shed in which we opeimted became speedily electrical 
throughout The electricity was positive. 

The steam in the boiler was now gradually run down to 
see how the electrical condition would vary with the pressure. 
At forty pounds per inch the sparks became much less, the 
largest not reaching three inches. At thirty pounds the largest 
spark did not reach two inches; at twenty pounds it became 
oarely an inch ; at ten pounds not more than from one-fourth 
to one-half of an inch ; and at five pounds per inch pressure 
the spark was hardly perceptible. Bat if at any pressure the 
▼alve was held down a few minutes so as to suffer the steam to 
accumulate and then soddeniy opened, there was always a 
great increase, for an instant, of the electrical eIRscts. 

4. Another boiler, that of the Lightning engine, which had 
also just come in from a trip, and had its steam blowing off' 
forcibly, at a pressure of fifty pounds per inch, was now tried 
in exactly the same way as the Wellington. On holding the 
pointed conductor in tlie steam, wheiner regularly blowing 
oil' at tlie valve or escaping with great rapidity from the sud- 
den lifting of the valve, it did not yield a spark more than 
one-fborth of an inch long. We then blew a quantity of 
water out of the boiler of the Lightning until it barely covered 
the tubes inside, and on afterwards testing its steam blowing 
ofi" at fifty pounds per inch, the spark was found increased to 
nearly two inches in length. The steam of the Lightning 
was, however, much less electrical than the steam of the Wel- 
lington at the same pressure^ under all the circumstances of 
our experiments. 

5. The strong current of steam and water issuing from the 
boiler of the Lii'litnini' when the water was blown out of it 
as just stated, was tested for electricity, but no indications 
could be perceived whatever. 

6. A very large conductor had l>een provided, made of 
zinc two-inch tubing, in this way, — three rings were made of 
this tubing, respectively three feet, two feet, and one fbiit 
diameter. These rings were attached 
to each other a foot and a half apart by 
side pieces, so as to form a hollow frus- 
tum of a cone, three feet high, with 
ends three feet and one foot diameter 
respectivi'ly. The inside of this cone 
was laced across with copper wire, and 
the wlu)lc bristled with pointed wires in 
every direciiou. By means of a long * 
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iron bar, placed upright in a cask of rosin (both to insulate it 
and to serve as a foot), and a borisootal arm project in*; from 
It, made to slide up and down on the vertical bar, llic liirge 
conductor could be placed ui nay part of the cloud of steam 
usning from the valve, and the electrici^ 8^^^^ ^ coald be 
convewl rroiM it in any direction. Care wns taken to round 
oH ail puri3 ut iiu:> coiuiuclur, us to avoid sharp points and 
angle* a» mocfa as poaaibie. On tryina thu Ui^ coodoctor in 
tlje current of steam from the Wellinflfton, we were disap- 
poiitted to fiud that it did not yieid a longer spark than the 
small pointed copper rod with whidi we had previoaslv ex- 
perimented. The spark was larger in rnluine, but it dicl not 
possess greater intensity. It never struck ilirough more than 
three iadwi of apace, but its eflfect upon the person when 
taken was very violent and painful. Our intention was to 
have ascertained the rate at which large jars could be charged 
from the st^ro, in order to form some idea of the quantity of 
electricity given off; but the evening bad become very damp, 
and the air was so moist, that we could not procure sufficient 
insulation, and were obliged to relinquish the attempt. 

7. When the large conductor waa held in the cloud of 
steam with its lower part or apex about two feet above the 
valve, it gave off numerous and powerful sparks ; but if at 
this lime the points of the amall conductor were placed by 
a person connected with the ground in the steam bdow 
the large conductor a foot above tlic valve, the electrici^ 
given <^ hy the large conductor was very matarially dinu^ 
nished. 

8. By means of screws, the entire engine (die Wellington) 
was raised offtlie raUs and placed upon blocks of baked wood» 
so as to insolate it entirely. The steam being now blown off 
at the valve, tlie boiler and engine became strongly electrical 
with negative electricity ; paints placed upon any part of the 
engine exhibiting the peculiar star of Ae negative dement, 
and threads suspended from the engine being repelled by ex- 
cited aealiog-wax. The steam was at the same time strongly 
positive, ana when a point connected with the eoadudor held 
in the steam was brought near a point attached to the insu- 
lated boiler* the pencil upon the former and star upon the 
latter were beantilully decisive as u>the electrical states of 
each. 

9. I repeated Volta's experiment by placing a hot cinder 
upon the cap of a gold-leaf electrometer, and projecting a few 
drops of water upon it, when the leaves diverged strongly 
with negative electricity. I observed, that wmu the cinder 
was very hot, and (be iirodnctian of the etenn ooneequently 
verj rapid, the dectricity given out was always most |iowerfiiL 
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10. 1 then insulated an iron paii, twelve inches diameter and 
two inches deep, and attached to it a pith-ball electrometer, 
with balls three-eighths of ao inch diameter, and threads five 
inches long, and mso attached to the pan a metallic wh*e» the 
pointed extremity of which was placed about one-twentieth 
of an inch distant from the point of another wire connected 
with the ground. The iron pan was then filled with cinders» 
very hot» from a wind*furnace^ and on projecting upon them 
a few ounces of water, steam was evolved with crreat rapidity, 
and at the same moment the pith bnlls diverged to the di- 
stance of an inch, and sparks passed between the metallic 
wires. This was several times repeated. 

These cxpei imcnrs enable iis, I conceive, to <;ive a clear 
explanaliun oi ihe electrical phacnomena presented by steam. 
There is no doubt whatever, as Dr. Faraday conjectures In 
his note to Mr, Armstrong's paper In your last Number, 
** that this evolution of electricity by vaporuuition m the same 
as that already known to philosophers on a much smaller 
scale." The electricity appears to originate at the instant of 
vaporization, and the steam as it collects within the boiler is 
electrified with positive electricity, the water and metallic 
boiler beinfj at the same time nejjative. In this condition the 
electricity of both is latent, like the electricity of tlic two plates 
of an excited electrophi)riis ; but the instant sleain is suffered 
to escape, its positive electricity, being carried off' along with 
it, and out of the itiflnence of the etjihvalent qnantity ot ne- 
gative electricity in the boiler, becomes free, and hence the 
Steam is electrical with positive electricity. The same thing 
takes place with the boiler, in which negative electricity is set 
at liberty as the steam escapes, and which becomes evident on 
insulating the boiler. 

When steam much mixed with water, or what engine-men 
call **wet steam,'* escapes from a boiler, it evidently cannot 
be very highly electrical, for the negative water will tend to 
neutralize tlic positive steam, and this may perhaps in some 
njeasure account for the increased effect in the Lifrlitninf; on 

no 

lowering the water within its boiler, and for the increase of 
intensity in every boiler, obsei ved when the valve has been 
forcibly helil down and is suddenly opened ; but it does not 
seem sufficient to account entirely \'or these variations of inten- 
sity, nor Ibr the difference of intensity in diflerent boilers at the 
same pressure. It is therefore [)robable that chemical action 
betweeti the metal of the boiler and the water has something 
to do with exalting the electrical condition of the steam at the 
moment it is generated; but this part of the subject certainly 
requires further investigation. By far the most powerfiil e^ 
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fects up to this time have been obuauied Jruin locomotive en- 
gines, in which water is heated in contact with brass tubes. 
How far this may influence the production of electricity, fur- 
ther experimtiUb must determine. It is certainly somcwhatcu* 
rious to consider the splendid locomotive engines we see dailjr 
in the liglitof enormous elmrical machines; bnt this they un* 
doubteclly are ; the steam is analogous to the glass plate of an 
ordinary machine, the boiler to the rubliers ; and a oondudor 
properly expcned to llie escaping steam gives out torrents of 
electricity* I am, Gentlemen, 

Your obedient Servant* 

Bentham-Grovc, Gatefiheailf H. L. PaTTIKSON. 

November 21. 1840. 



LXVIII. On the Motion of a small Sphere vibrating in a re- 
sisting Medium, Dtf the. Rev, J, Challis, Phmian Pro- 
'fessor of Astronomjf in the University of Cambridge** 

IN the London and Edinburgh Philosophical Magasine for 
September, 18SS (vol.iii.p. 186.)» I havegivena soiutionof 
the problem of the resistance to the motion of a ball-peodulum 
vibrating in the air, by making use of the principle of the 
conservation of vis r/rv?, and assuming thai for slow vibra* 
tions the motion of the air surrounding the bail is the same 
as if the fluid were incompressible. I nave given another so> 
lution in the Cambridge Philosophical Transactions (vol. v. 
part ii. p. 200.), by adopting the above assunjption without 
using the principle of tlie conservation ofm : /r'r? ; ami in llie , 
latter solution it is not taken tor granted, ns in the other, that | 
the same considtruiions apply lo llmd motion directed to or ' 
from a moving ceniK , as to motion to or li om a fixed centre. J 
The two methods lead to the sanie result. In 1835, M. Plana I 
published at Turin a Memoir (for a copy of which I am in- I 
debted to the kindness of the author) containing a solution I 
of the problem in question^ the same in principle as that of I 
Poisson in vol, xi. of the Mhioires of the Paris Academy I 
of Sciences f, with the difference of treating separately the I 
motions in a compressible and an incompressible fluidy and I 
so obviating some objections to which Poisson's reasoning I 
appeared liable. M. Plana adverts to my communication I 
in the Philosophical Magazine, and subjoins a translation of I 
it, but is unwilling to anmit the correctness of the principle 
of the method I have eniployecl, a|)pai ently tor no other 
reason tlian that it leads to a result diiiering from his own, 

* Comniunlcntc ! 1 v tlie Author. 

t PoiMon** memoir ii oUo inserted in the C<mnaumiiec da Tim for 1^34. 
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Tlie tiro OMtliodf are, in fiwt» so dMmilariii principle, and 
in their multiiy that if one is right the other mast be wrong. 
But aftrr the lap^ of some years I am not able to discover 
anv error either in the principle or the details of the method 
I have employed in the Philosophical Magaasine^ nor of that 
in the Cumbridge Philosophical Transactions. The object of 
my present cointnnnlcnfion is to give a third solution, which 
applies expressly to vibrations of the ball in a com^essibU 
fluid. 

It will be proper to begin with proving generally that the 
same equations apply to the motion of the iluici when dii tcted 
to or from a moving centre, as when directed to or from a 
fixed oentre. 

Coostdering, first, the motion of the finid to be in the di- 
rection of radii ironi a fixed centre, conceive two spherical 
surfaces described about this centre at the dbtances r and f' 
differing very little from each other ; and let the interior one 
pass through the point at which we consider the motion. 
Conceive also a conical surface, having its vertex at the 
centre of the spherical surfaces and its vertical ann^le indefi- 
nitely small, to ujtersect with its axis the interior spherical 
sui l ice at that point. Let = the small portion of the in- 
terior spherical suriace included bv the conical surface ; then 

^ ■=« the corresponding portion of the outer surface. It 

will be assumed that durinir a very small time 5/, the velocity 
and density of the fluid which pasties the area are uniformly 
tf and p; and, similarlv, that the irelocity and denrity of the 
fluid passing in the same time the corresponding area of the 
other sur&oe are onilbrmly v' and //• Then the quantity of 
fluid which passes ai* in the time ht i& m^pvBi; and that 

which passes the other area in the same time^ •pf B L 

The increment of matter hi the mduded space is, therefore, 

— si*$ I ^ — ^— » p V L the Telocities a and i/bcing reckon- 
ed positive when directed the centre. The space itself 
is ultimately (^—r)' Hence the increment of density 6p 

js equal to — "-r/li — \ " ^ • 

Consequently^ 

Bp u'—r*p9 _ 



Digitized by Google 



464 Hev. J. Chaliid on the Moiwn oj a small Sphere 
s«d pissing from difierenoes to diflerentials* 



where, from the nature of the investigationy the difierentisl 
coefficients are evident !y partial. 

Now suppose tiie motion of the Huid to be directed to or 
from a movin*? centre, and let two spherical surfaces separated 
by a very smull interval be described about this centre, the 
interior ona always passing through the point of space at 
which we consider the motion. On account, tlierefore, of the 
motion of the centre, the spherical surfaces will not be sta- 
tionary. We mav, however^ conceive a conical surface^ de- 
scribed as in the former case^ to have its axis always passing 
through the moving centre and the point of space at whicE 
the motion is considered, and to include MPven small por- 
tion ni' of the interior spherical surface* Toe velocity and 
density of the fluid passing the area may, as before^ be 
considered uniform during a very small time o/; as may also, 
without entnilitip^ error, the velocity and density of the Huid 
passing the portion of tlie outer surface always inchided by 
the conical surface. Hence, using the same letters as in the 
case of a fixed centre, the quantity of fluid which passes m* 
in the time 8 / is lu^ p u 6 We have now to ascertain the quan- 
tity of fluid which m the same lijue pas5?es the corresponding 
area of the exterior surface. Let?- and r[ be tlje radii oi ihe two 
concentric surfaces at the beginning of tiie interval B /, and 
let « be the velocity of the centre resolved in the direction of 
r. Then after an interval less than Bi^ the radii of the 
surfaces are r ± »r and r' ± «r ultimately. Hence the area 

of the outer surface corresponding to =s (~r^~^)^ 
/ 1 + -\* 

= . I ^ I = ^— , by neglecting terms that 

may be neglected, since by hypothesis r' difl'ers very little 
from r, and a r is very small. This result is independent of 

T, and is the same as if the centre had been fixed. The rest 
of the rensoning would consecjuently conduct to the cquntion 
(1.). Hence from this equation combined with the known 

equations p (the pressure) =t a'p, and (^) = 0, 

equations applicable to motion directed to or from either a 
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fixed or a moving centre mav be deduceU. I will not stop 
to make the deduction, wbicli pments no difficult, bat at 
once employ the equations given in the Treatises on Hydro- 
dynamica for motion propagated /rom a^vn^ centre. (Pro- 
pagation towards the centre is exdnded by the nature of the 
question.) These equations are (putting 1 i for p)» 

u ^ — -i — — ' «nd as = -^^-p — -(^•i* which 

as tiiey contain arbitrary fuiu iiuns, apply immediately to the 
arbitrary dibturbauce given to ilic fluid. In the problem be- 
fore uj> tliey apply, therefore, to the motion ^iven to the lluid 
by the vibrating iipliere al its surface. For as the sphere is 
supposed to be perfectly smooth and consequently to impress 
motion only in a direction normal to its surfiMss^ the motion 
at the surface is pbitnly directed to or from a moving centre* 
The arbitrary condition of the motion is that at a given di- 
stance (r), equal to the radius of the sphere from the centre 
renunded as fixed, and at a civen point of the sur&oe of the 
spnere^ the velocity impressed follows either exacdy or very 
approximately the law of a vibrating pendulum. Let the ve- 
locity of the centre of the sphere at any time ^Im V sin 6 
Then for any point the radius to which makes an angle 0 
with the direction of the motion, we shall have the norinnl 
velocity u equal to V co> ^ ^in l) f. Hence, putting for brevity 
u ssj'lr^at), and substituting in the equation (2.)| it will be 

found that - + — u Var CM& tStkbisatO, 

an equation in which ti and t arc the only variables, and 
which is true whatever be /• The int^ral of this equation is 

mi 

u = C**" T — V cos ^ COS ^ sin 
br ' 

lau 4^ being put for-j-. The term involving C will be in- 
sensible tor all but very small values of on accoant of the' 

at I ¥ 1 • 

factor e~ r^ atid may therefore be omitted. Hence, by dit- 
ferentiating and putting a tan 4^ lor b 

^ ss — V a r cos sin ♦ cos 
at 

Now the pressure at the point of the s|)here we are cons** 

deriag is equal to a' 5, or by equation (3.) « • - ^ ^ » or 
1 d tt 

— — . . . Hence this pressure is V a cosd sin 0 cos (6 
r d t • 

Mag. & 9. Vd. 17. No. 112. Dec. 1840. S H 
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4(>6 On a small Sphere vibrating m a resisting Medium* 
And by integrating in the usual way to pbtain the pmsare on 



the whole sphere, it wiU be found to be — . sio ^ 

COS (6 This u reckoned positive in the direction con- 

trary to that of the motion of the sphere* Hence if o- s the 
ratio of the specific gravity of the fluid to that of the sphere, 
the accderative force of the resistance in the positive direction 

of the motion is — ^—^ . sin ^ cos {bt—^). If A = the di- 
stance lo which motion is propagated in the fiaid in the time 

^ fg 

€/ti3iot vibration of the sphere, b s — and consequently* 

A 

2 ff' r 

tan ^ s This is an exceedingly small quantity. Hence 

IT ijf T* 

very approximately sin ^ = = — , and the accelere- 

tive force of resistsince = —V b rr cos h t. Again, if r = tbe 
distance of the centre of the sphere at the time / from the 

mean place about which k is oscillating, V sin 6/, 

and-j-j ss y bcosbt. Hence the accelerative force of the 
»»* 

resistance s — o- . The length of the pendulum being 

/ and the force of gravity the accelentive force of gravity, 

taking account of the buoyant of the fluid, is — ^ (1 — y). 
Henc^ 

and consequently 

d^x _ gx / 1 — ^\ 

This is the result I obtained by mv two former methods. 
As it does not contain a, it is applicable to any resisting me* 
dium, supposing the vibrations to be slow. Putting the 
fiictor in orackets, under the form 1 » n a-, we shall have 

2 



n = 



j-^-^. For a brass ball of specific gravity 8, vibrating 
in air, Had veiy nearly; and for the same vibrating m water, 
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n ^ 1*7B« Th« experinMnttof Benel giveibr ttMsetwociMb 
1*95 and 1*63. 

I do not ooiisider the above solutioii of value for ihe name* 

rical results to which it leads, so much as because it serves to 
estal)lish the principles to be adopted in the treatment of 
another problem (perhaps the most important that could be 
proposed in the present state of piiysical science), the solu- 
tion of which has hiiiiet to been iinattempted, viz. if a minute 
spherical atom were subject to the mechanical action of the x?/- 
bratiom of a vei-y elastic medium^ Uke those which take place 
in air, would iV, in addition to a vibratory motion^, receive 
abo a permanent motion of tramskUion? 1 propose at a fa* 
tore opportunity Co state my reasons for considering this an 
important question, and to advanoe some ideas respecting the 
method in which I oonoeive it may be answeied* 
Cbnbri^ge ObMrfMoq^Nor* 184IL 

LXIX. On the Heat of Vapours and on Astronomical Pe^ 
Jraction^. Jiy Jofin William I.uubock, K$q.^ 'Vrfas. 
M.S.y F.Ii.A,S. andF.L^n Vice^ChanGeUortff tkeUmveniiy 
of hondon^ ^c^ 

[Continued from p. 2d0.] 

On tke Conditions of the Atmosphere, and on the CaleutatUm 
of Height* bjf the Barometer. (Resumed*) 

A S the expressioa which has served to calculate the tem* 
peratores evidently represents the state of the atmo* 
sphere far within the limits of the applicability of this or any 

oiber formula founded upon a state of repose to an atmo* 

sphere continually agitated by curreYits, it must of course 

serve to eliminate the density and to obtain an expression for 
the height in terms of tiie pressures and temperatures at the 
extremities of any atmospheric coluimi. 

If z be the akitude of the place above any fixed point, 
a the distance ol the fixed point from the centre of the earth, 
g the force of gravity, 

and putting the expression for ff, at vol« xvL p, 440^ 

j/ (j/^ ^ 'eY * (« + 

8H2 
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Mr. Lubbock on the Heat of Vapours 



This expression can be integrated, and i fiiid> Boppofiog 
after a proper d^srininatioii of the ooii8Uiiit9» 



'+-5- 



J 



If the variation of the force of gravity be neglected, the pressures 
p, //' may be represented by the heights of the baroim u i hy h'. 
If M be the modulus or the qnnntity by wh ich Naperiaii logarithms 
must be multiplied to give comnion logaruhms^ Liaplace makes 



s 188S7"-46. log M « 9^377843. 



$ = 30-75 
Ofss — 7*00 



In Older to give an example of the nte of thk expression, I uiko 
the Slst observation of Gay Lussac^ 

k'= '3339 

log 18337*46 
log(l +a8} 



lug ^ 



4*!d6333M 
0-0474015 



logi» 



= 8-776S776 

3*3566889 
9*5176049 



3-8390833 



I 4 ^ 



s 6903*7 



a 

log a =6'8041 i6S in metres. 
6921-7 iDeUres. 
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If 



P 



(^^^ ^ sX^g ^^^^ m - IT as before, vol.xvi.p. 440. 

The expression for may be pot into the form 

If y = 1*49138 when = 0, y = 1, wc f^ct for the superior limit 
of the atmosphere an altitude of about 21- miles, or 38918 tneu es. 

Ultimately the intensity of the cold deprives the air of its 
elasticity*. Tlie density therefore requires in strictness to he re- 
presented by a discontinuous function ; for the formula suggested in 
thb treatise is of coarse only applicable so long as the air exisU 
in the state of an elastic vapour. The freesing point of air is nn- 
known, and we cannot dedde when this condition ceases to obtaiOi 

Ddambra estimates the height of the atmosphere as deduced from 
the phenomena of twilight t at 70,800 metres; but this calculation 
is open to objection. See Cann. des Temps, 18il, p. 58. 

1 have given the example of the calculation of a height by an ob- 
servation of the barometer, in order to show how my formula for 
the density may he employed; but however inaccurate in principle 
the method in use may be, it is sufficiently exact for elevations ac- 
cessible to man. In all inquiries, however, connected with the con- 
dition ot llie l)igher regions ol llie atmosphere, aiid in the various 
hypotheses which may be made respecting the decrement of tem- 
perature, the corresponding height must be calculated by an ap- 

£ropriate formula, |)rocurea agreeably to the hypothesis which may 
a adopted. Our information respecting the state of the higher 
regions of the atmosphere is I think more likely to be improved by 
observations made in aeronautic ascents than by those made on the 
sides of monntmns. 

Let«»-Nap.log(l -^y) i^^L^ 
a' 

J = a 1 u. 

1 + — 
o 

* 8ee Poi^soD, TkSurie de la Chalmr, i>. 460. " Od p«ut 6ti reprci>cntcr unc colonno 
•tmoipMrique qui s'appuie for U mer, par taamfim, eonuM qd SaMe llMtiqu* Iwniii4 

par deux lifpiidr^:. rlnnt I'ttn n line dcnsite et one temperature ordinaires, et Vautre una 
temp^raiurL- ct una liiiaMid esc««»iYeiiieDt faiblea." ISmbUo Bio^ Cmmmdt$ 2V<na% 
1S4I. 

t 8m DthoOm's Jtinmmk^ vol* i. p.S87. and UXuM% JUt^ voL iL ut SS70 
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At the soaimit of the atmosphere ^ s 1, if n!' be the corresponding 
▼alaeof «b 

f/* - - Nap. log (1 — H) c-^ =s I - 
c beiiig the number of which the hyperbolic iogarithm is unity. 

l-^Ep^^ sa iET. See vol. xvi. p. 440. 

p being the pressure at the lower station ; the pressure for '76568* 
or 30' 14 inclies of mercury in the barometer being uuity. 
I get) wiien 

the following formula ibr calculaiing heights by observiuloiie ^rf thf 
barometer : 

— 5^ =[4 7404605] ^^-^^^ kg (1 - if in French metres, 

8 [5-2564685] (i^L?) log ( I - ^ in English feeW 

» [i*5SS8195]^^>^^) log (1 - JSTg) in English miiei^ 

the temperature 0 «t the lower stotion beiiig leckoned Irom the 
freesing point. 

Log« » 7*S 187588 for Fahrenhei^s eede. 

If we assome the Slst observation of Gay Lussac, aud supuose 
y= 1-4, I find 

/3 = - -2857 £ = - -8406 log JST s= 9-65&6X73. 
In Fahrenheit's scale 

IT + •8405 

Height io miles = [1'9885722] log (1 — /f j). 
If we suppose y = 1'5» I find 
/B - 'SSSS JB ST - M980 log H= 9-7a54SS2 

[SO-6948S91 _ „ 
T 5= ^ — 448\ 

p + 11920 
Height in miles = [f8457978] log (1 - IT^). 
» If we suppose y = 1*6, I find 

^ « - -875 -B= - 1-51 19 log iH^ « 9-779457S 
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Height ID miles s [1*7506111 J log {I - Hg). 

Mr. Rittsell hts calculated far me the following table in order lo 
diow in what manner the density and temperature of the atmo- 
sphere wy in the higher regions under these three different sup- 
positions. 





/i=^-2857. ! 




^--1 


1 


/5 


= -•375. 


e 

li 


X 


P- 




(■ 


/»• 


r. 


^ 


P- 


r. 


e* 




0 
4 
8 
19 
16 
20 
24 


1-0000 
•4Ct'2H 
'imG 
•0656 
•0107 
•002^ 
•0000 


+ h 

24 
— 45 
-122 

-2(16 
-2»8 


l^OOOO 

•5248 
'25^4 
•1076 
•0367 
•0060 
•0UQ3 


1^0000 

•4r».*{u 

•1902 
•0645 
•0153 
•0015 


-f 87 
+ 24 
- 48 
-130 
-223 
-330 


1-0000 
5248 
•2543 
•1086 
•0365 
•0068 


1-0000 
•4631 
•1900 
•0635 
•0141 
•0009 


-f 87 
+ 23 
- 50 
-137 
-240 
-361 


1-0000 
•5249 
•2553 
•1093 
•0362 
•0066 


0 
4 

8 
12 
16 
20 
34 




LinitSS^l mU«. 




St^SlililM. 





By making y s the expiessm fer the density becomes 

simplified, « - % 

If i^. = I - • 
f 

It must be recollected that the diflRcnlty of detrrmininjrr the den- 
sities at different nltitiides, antl thai ot tlttt 1 mining altitudes by ob- 
servations of the barometer, r <st in finditi*^ the accurate law of the 
temperature. So that if the t xpi t s>ion which I have here snrrrrested 
for the temperrUure be adopte d, the expression for the deiihity, and 
[\]()<e for fnidinLr the elevation hy observations of the baroincier. 
lullow :»s a niatter of course, ami their accuracy is unquestif)nal)]e. 

Tlie employ mciil ot tlie formula in p. 467, lor calculating lit. i<,dit<;, 
amounts to determining the constant E from the obsei vuLions 
themselves, and not from previous obsenratioDS. But if the 
ooDstants are supposed to be known^ as in calctdating a series of 
observations made under the same eirmmttances, it la nofo simple 
to employ the ezpresttoo 



L 
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The day on which M. Gay Lussac made bu ascent was reiy 
warm, and the values of y and 17 determined from his obsenrartkmt 
may differ slightly from those mean values which will be obtained 
hereafter from more complete data. The preceding theory supposes 
implicitly that a given temperature at ihe earth's 2>urfuce always cor* 
responds in any given place to a given pressure ; this^ owing to the 
cnrrents» the wimis» and to other causes, is not the case; Ibr the 
atmosphere is never in a state of repose, and its temperature and 
derisity arc in a continual state of oscillation about their mean 
values. Tilt cotisiants y and E may also be subject to varinttDus 
iVom fluctuations m the quantity of aqueous vapour diffused through 
the atniobjiUere. 

If the decrements of temperature arc the same for equal incre- 
ments of akitude, which ob&t;i vuLiuu bliuwa 15 nearly the case at 
small elevations, 

- 6' » ^ s', 

$ being the temperature at the lower station, 0 at the upper, and 
si as beibre, the altitude of the latter reckoned from the former, 

and if the variation of the force of gravity be neglected 

dy_ ^i\z' 



a A 



{'-(I)'} 



« -I 



being Uie pressure at the upper station, and p at tlie lower. 
Mr. Ivory assumes, Phil. Trans^, 18S8, p. 193, 

S 
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But Mr. Ivory afterwards neglects the tems depending upoD 
80 that he virtuftliy assoroes 

2 

Mr. Ivory makes the constant f = p. 197> so that 
^ = [9*8908555] ^ + [9-3467875] ^ 



^ Ar(l^«&) (1-./) , ^ 2A:(l+«a)/ / /\ 

= t0*9635418j log + [0-3582881] ( I - -^^ 

for 50^ Fahr. at tlie lower slaliun. 

As wj camiot make direct observations of the temperature and 
ileusity of the hi|zhcst region^ of the atniO!»phere, it beconic:^ very 
important to avaU of all indirect means of investigation. The pro- 
blem of Astrononiical Refractions furnishes ns with ▼aloable data 
in thb respect^ and any hypothesis relatiTe to the state of the atmo- 
sphere which will not satisfyr the known phtenomena of refraction, 
most of course be discarded, in any invest^tion of this kind it 
is indispensable to employ a fbnnala for z m terms of the density 
consistent with the hypothesis^ which may be made respecting the 
decrement of temperature; it is equally indispensable to carry the 
intcfjal which affords the amount ot refiraction through limits which 
are m conformity with the same supposition. 

* < in » <r ia Mr. Itory*» nolition* In tfris page U the prHnraaad^ bihedniiity 
at tiw cwth's snrlaca. 

[To be GOitiaiicd.] 
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LXX. Proceedings of Learned Hocieiies. 

BOYAL aBOLOaiCAL SOOBTrOV COBBWAI.!,. 

fhenty-Seventk Animal Report of ik§ Coimdi, 

THE subject which naturally first preaents itself to the Council ia 
the prepaiationofthdrliqNirt^MtlMnTqNwablelM 
1ms sustained by the death of its lUustrioiit and venerable Fkoideat 

(Mr. Davies Gilbert) ; to whose early, active and liberal patronage, 
in conjunction with the efforts of Dr. Pari*i, it fir!»t owed its exi^^t- 
ence, and by its connexion with his name its la!)t)iir- liave been 
more extensively known, and iar mure generally acknuwiedged, 
than they might ofthenriie have been. 

The Council would 6m have indulged in aiere praiffat aDnnona^ 
than a bare official form permits, to the numerous advantages and 
benefits thr Society has owed to his kind and continued benefac- 
tions dui iriL': the twenty-six years it was honoured by his presidence 
over its allciirsj— but lliaL they have been anticipated by other pens 
—-yet they cannot look back on his kind and considerate conduct 
without the feding that every member of the Society has. by hie 
loes, a friend less in the world. 

At the foundation of the Society, twenty-aeven yean ago, the 
▼alue of, and necessity for scientific education among our practical 
miners was barelv thought of ; yet it was aiiumg the very first and 
most important objects of its fouuderb : and to them it is the sin- 
cerest matter of gratolation that a subject so often enforced from ill 
oliair» and reoommended by ita patroM and in its i«poita, ia at 
leco^izcd as one of paramoont utility and impooctance. 

This has been shown, not only by the foundation of Professor- 
ahips for civil and minin<r enirineerlug in the academic institution? 
of London and Durham, but hy the institution of a Mining" School 
in Cornwall, which, although first thought of as the result of a due 
apprecialtoik of the irohlie iditoea of one of His earfieat and moat 
mnnifioent fiienda of tiiia Society (tlte late Lofd de Dnnstanvilla), 
haa been carried into practical effect by the Uberality of Sir Chariea 
Lemon, by whose enlightened and patriotic exertions it? jyermnnent 
exli»tence will, we tru^t, be Tcnrrd. We look forward to the period 
wlu ri the result of the btudies pursued in this institution, united to 
tiie extensive practical knowledge to be derived from exploring the 

variety of onr nioica» — ^tfaa dtliiennt ehaiaeten of our "iodm/' and 
the vaat meefaaaleal powera employed in woildng our minca>— will 

raise our miners far above their preaent poaitlon, although even now 
they bear thr rhamcter (which they richly deicarve) of the best and 
moet useful practic al miners in the world. 

Much has been said of a reception-room for plans, — and such a 
depository has from the foimdation of the Socie^ been opened here, 
and to aome eitent made naeAil by the Uberality and intelHgenoe 
of aome of our mine agenta* Bat when the luour of preparing 
them— Mghljr valued as they are — and the want of ade<}uate re- 
munmtionf aie eonadered, we need not wonder at the oomparative 
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pofcrt^ of our arduvei in diia tespeet. Mr. Henwood*t SiiTvrjr of 
the Mines has probably brought together a larger oollection of eofnes 

of mining plans than had ever before been obtained ; but unless simi- 
lar labour be still devoted to their accumulation, it is vain to hope 
for them, unless at an expense \vliich would perhaps but seldom, 
be repaid by their value to any but practical miners. 

The rock formations of Gorawall had, until recently, been thought 
among the noat ancient ; but the late icaearciiea of Meaars. Sedg- 
wick and Murchiaon induce them to place our " killas " at an epoch 
not anterior to the old red aandstone, on zoological evidence of much 
force ; whilst to the granite and its coT^treners they ascribe a still 
more recent date. From the labours of these eminent philosophers, 
associated with the visit of Prof. Phillips (under the direction of 
the Oovenunent), and, in some humble degree, aided by the efforta 
of our own members, we hope this obacura portion off geological 
investigation will receive an elucidation equally luminous with that 
which Mr. Murchison's herculean laboot have abed on the cloaely- 
aUied rocks of the " Silurian '* reg-ion. 

The rapidly-accumulatiner colkctiuns of the Society are even now 
more thuu sufficient to hll every species ui accomoiodutiou tlie pre* 
aent museum afbrda ; and it will be imperative on your new offi- 
cers and Ck>uncil to devise a metliod for rendering them more gene* 
rally available and naeful than their pveaent ctrenmseribed premiaea 

will permit. 

It has been j^iiL'L::ested, that with so much geological wealth as 
the Society possesses, the benefits it confers are but limited ; and 
with a view to repeating an experiment which was unsuccessfully 
made by the late zealoua and exodlent Secretary (Dr. Boase), a few 
lectures will from time to time he given by one of the officers du- 
ring the ensuing winter ; their periods will, however, be detennined 
by engagements in which the Society has no part. 

It had been confidently anticipated that the Fifth Volume ot the 
Society's Transactions would, ere now, have been in the hands of 
the membera : considerable progress has been made in it duriuff the 
present year, but its completion has been delayed by professional 
engagements of the editor; the Council, however, believe that it 
will be published at an early period of the ensuing aeaaon. 

By order, 

W. J. Hen WOOD, 
Octoher 9th, 1840. Secretary and Curator, 

The fo^fwing fibers have brrn read since the last Report: — 

I. On some singular Metalliferous Deposits in the Mining district 
near St. Ives, called by the miners *' Carbona," By Joseph Came, 
Esq., F.R.S., F.G.S.. M.R.I. A., &c.. &c.. Treasurer of the Societj-. 

II. Remarks on the Land-slip between Axmouth and Lyme Re- 
gis. By the Rev. Canon Rogers, A.M., Member of the Society. 

III. Notes on the Geology of the Gountiea of Gloucester and 
Restigouche, in New Brunswick, and the Canadian hank of the river 
Restigouche. By W. J. Henwood, C.£.» F.A.S.t F.G.SS. London 
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and Fans, Hon. M*Y.P.8m Secretary of th6 Society, and Cantor of 

the Museum. 

IV. Obsenations on a suite of Sj)ecimen8 from the neighbour- 
hood of Exeter. By Joseph Parker, Jan., Esq., Conrespondm^ 
Member of the Societ}'. 

V. Ou the Age of the bliiagie lieacii at JPevensey, in Sussex. By 
JohnS. Enys, Esq., F.G.S., &c.. Member of the Society. 

VI. On the Organic Remains contained in the Slates and lime- 
stones of South Devon. By J. C. Bellamy, Esq., Curator of the 
Devon and Cornwall Natural History Soriety. 

VII. On the Occurrence of Organic Hemains in the Slate Rocks 
of the Southern Coasts of Cornwall. By Charles W. Peach, Esq., 
Associate of the Society. 

VIII. On the Sulphur Ores (iron pyrites) of the Vale of Oma, 
county of Wicklow. By W. J. Kenwood, C.E., F.R.S., Correspond* 
ing Member of the Plymouth Institute. 

The Curator's Keport notices the following Donations to the Ma* 
seum : — 

Ciunabar, with iiematite iron ore and copper pyrites from iiavaria, 
vitreous and purple copper ores and copper pyrites from Kenmare 
mine, county of Kerry, and metallic coppor precipitated on the 

pumps of Connorree mine, county of Wicklow. By Tliomas Cor- 
nish, Esq. — Specimens from the recent land-slip on the coast be- 
tween Axmouth and Lyme. By the Rev. Canon Rof!:pr«, A.M., 
Member of the Society. — Specimens Iruui the trap dyke, and of 
tliu uccoinpouying rocks, from Mr. Pennant's slate quarry at Pen- 
rhyn, Ga^narvonahire. By Joseph Came, Esq., F.R.S., P.G.S, 
M.R.I.A., &c.. Treasurer of the Society. — Wood-tin and garnets, 
from Polberrow mine. St. Agnes. By John T. Tregellas, Esq, — 
Pseudomorjihous quartz, from f'liradon, and crysocoUa, from ivear 
Five Lanes. By Mr. George Jennings, Jun. — Stream-tin orr from 
Carnon mine. By Mr. Nicholas S. Cloak.— Pearl spar and iron py- 
rites from Trevaskus mine. By Mr. — Joseph.— 'Galena, copper 
pyrites and sulphuret of antimony from Sicily. By — Floyd, £iN|. 

suite of specimens from the neighbourhood of Exeter, and or- 
ganic remains resembling Alcyonia, from the new red sandstone of 
Devon. By Joseph Parker, Jun., Esq , Corresponding Member of 
the Society. — Organic remains from the shite series and limestones 
near Plymouth. By J. C. Bellamy, Esq., Curator of the Devon and 
Cornwall Natural History Sodely. — fine specimen of Jew's-houae 
tin from St. Austell. 1^ John Michell, Esq. — Chert from Halkin 
mountain, Flintshire. By Richard Thomas, Esq* (of London). — 
Organic remains from the summit of Snowdon, and carbonate of 
manganese from Caernarvonshire. By Henry Thomas, Esq., F.G.S., 
Associate of the Society.— A suite of specimens from the coast of 
Antrim and other ports of Ireland. By C. A. Johns, Native 
copper, crystallised copper pyrites, and iron pyrites from Providence 
mines, near St. Ives; ^ena from North Wheal Alfred, wlih sped- 
raen.^ fioia the copper and sulphur (iron pyrite> ) res of Wicklow. 
By Mr. Higgs, Member of the Society.-^Chaiccdony, organic re- 
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nudns from the chalk, and conglomerates from near King^B l4m|^0y; 
Hertt. By H. Campbell White^ £aq.. F.O.S., &c., &c.» &e.— -Qnart- 

zose slickenside and purple copper ore frotn Cam Brea raine«, cry- 
stals of the red oxide of copper, silicate of tin from Weald Coata, 
copper pyrites and carbonate uf iron from Wheal Tolgus, and a 
new ore of copper from Great Saint George mine. By John Ghur* 
by, £sq., Aflflociateof the Society. — CrystiJlnie quartz from Knock- 
mahon mme, county of Watenord. By John Petherick, Esq. — 
Acicttlar oxide of copper from Knockmahon mine. By Captain 
James Clcmes. — Conglomerate from Slievimmnnn inorintRin, county 
of Tii)i5eiary, and sandstone from Mohir, c unty uf Liure. By Day 
P. I>e Grice, Esq., Member of the Society. — i^pecimcns from vari- 
ous localities. By the Rev. Henry Holden. — Organic remains from 
Fowey and 'Caerbayae. By C. W. Peach, Esq^, Associate of the 
Society .^Vitreous and pufple copper ores, and copper pyrites from 
Kenmare mine, county of Kerry. By Dillon Croker, Esq. — Recent 
sandstone from Lclant. By the Rev. W. D. Longland«.^ — ^Wood 
from the diluvium at JSt. Erth stream. By Mr. Samuel Peters.— 
Hematite iron ore from Launceston, Van Dicmen's Land. By 
Richai(i Edmonds, Esq. — Specimens from tiie uei^iibouriiood of 
Killamey, county of Kerry, from Knodanahon mine^ county of 
"Waterford, and from Cronebane, Tigrony, Connorree, Ball3rmur<- 
tagh, and Ballygahn, in the Vale of Ovoca, county of Wicklow, 
By W. J. Henwood, C.E., F.H,S.,F.O.S., Secretary of the Society 
and Curator of the Museum. 

Officers and Council for the present year : — 

Frcsident. — Sir Charles Lemon, liart., M.P., F.R.S., &c. Vice" 
iVemlni/«.^Sir T. D. Adand, Bart., M.P., F.II.S. ; John P^ter; 
John Taylor, F.R.S., &c.; Stephen Davey. ^VAiwrer.*— Joseph 
Came, F.R.S. Joint Secretaries. — Samuel Pidwell, Jun.; W. J. 
Henwood, F.R.S. Librarian. — Richard Hocking. Council. — John 
Batten, John J. .\. Boase, Thomas S. Bolitho, Samuel Borlase, 
Charles Fox, Thomas Lean, J. N. R. Millett, Rev. M. N. Peters, 
W. Petlierick, N. l*hillips, William Reynolds, W. M. Tweedy. 



LXXI. Inielligenee and Miscellaneous Jfrtides. 

ATOMIC WEIGHT OF CARBON. 

l\ /f M. DUMAS and St<is have, together, performed fourteen expe- 
Xf A riiru iits relative to the atomic weight of carbon ; the ru^iilti^ all 
agree, and were obtained eitiier by the combustion of pure churcuai or 
m highly carbonated and weU*known substances. The combustion 
was performed in oxygen, and care was taken to dry the gasea obtained 
either by sulphuric acid or chloride of calcium. Thus dried, they 
were passed throu^rh two pieces of apparatus filled with solution of 
potash, and u third lliied with potash in powder. The increased 
weight of the fcoiutiuus and <lry potn«h iruvc the weight of the car- 
bonic acid obtained. Thua the weight of tiie carbon burnt, and of 
the carbonic aeid gas obtained, were known ; and from these, with- 
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Mt aiif liypolSMiii, tfie proporiba» In wliidi the bodiM cotttMag 
oould be deduced. According to M. Berzelius, tbe pcoportioiie are 900 
of OKygen to 76'52 of carbon. Aceording to the recseot wtpwiewwla, 

above-mentioned, by MM. Dumn? ?a\A Stas, the result will be vciy 
different, for they gave by the combustion of naphtli; Jin, foar ex- 
periments, 75*21, 75-01 , 75-08, 75*07 ; by tiie combustion of cam- 
phor, three experiments, 75*1, 75*1, 75 0; by the combu&tion of 
beosoie eeid» two eipetimcnts, 75*09, 7il*03 ; b/ tiiet of tibe oelife 
graphite of Cejlon, three experiments, 74'91, 7MS, 74'99; bf 
arti£ciel gvephite eilncted from an iron wliiek contained weet ef 
it, two experiments, 74*87, 74 90. " AH these numbers," M. Dumas 
remarks, " agree in showinf? that the true atomic weight of carbon 
is 75, and not 76*52. There is consequently an error in the indis- 
pensable elements in fixing the formulae now employed in organic 
chemutrf . That is to say, tiiare wiU be wmf tanela to BttUfy, 
many anal3r8es to fcpeat, cspedaUy of tboM a e hrtM i eet wUdi ass 
liah in carbon, to wliidi "varf oonwlenble enota toay bape besK 
eommitted." 

M. Duma« adds, that the Academy will remark with interest, that 
this long and laboriou;* series of experiments ha.^ brought us to the 
atomic weight indicated by Dr. Prout, who bad long supposed that 
the atomic weight of charcoal was exactly equal to six times that 
of hydrogen, or 19*6 X 6 » 75^ wbich la tiie sanber gmi bjr 
tbe aaeaa of our lesalts. If» as bdieved by Prout, and as now a^ 
pears very probable, all atomic weights are vnUiplea of that of by- 
drog-en by whole numbers, there will be many thing? to rectify in 
the atomic weights at present adopted. Future experiment will de- 
cide this point, but it is evident that they must be submitted to a 
serious verihcation. 

. "Tbe Aoademy/' eontfoiies M. DimiBa, " wiH remaifc also wilb 
interest, that tbe atonde weight of eaibon wfaiob resnlta firon tbeee 
experiments agrees much better than the former with the old aoe* 
lyses of Iceland spar, arragonite and marble, made by Themuxi and 

Biot, as well as with the densities* of oxycren ruid carbonic Rcid, de- 
termined either by MM. Biot and v\r;igo, or by M de Srmssure, 
whose re>ults also approximate to ours with regard to the combus- 
tion of charcoal." 

M. Bottssingault has eommnnicated some analyaea of bitoinen, 
which entirely agree with our roauHa*** — UltmUM, No. 847. 



PYUliHITE — A NEW MINERAL, 

Only one example of this substance is known, and occurs in a 
splendid drusy cavity of felspar, which is m the possession of Vice- 
President Perowski, of Petersburgb. WbUe the eaivity ohia^ eon- 
tains felspar crystals seFsral inohto in siae, ind^ defined, and of an 
ochre-yeUow colour, it likewise inelndea six-aided tables of rcddi^ 
white, pearly lithioB mica; white translucent cry^^tals of albite ; 
cr5'stals of clove-brown roek -rrystnl ; and a few white topaze? The 
crystals of the new mineral are superimposed on (he felspar, are 
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^g|it in mmber* and are octahedrons of about three Knee in leng^th. 
Their suiftoee are smooth, bat possess Utde lustre, so that meir 
angles cannot be measured with great accuracy ; but from observa. 
tions made on several angles, the mean may be regnrded as 109'^ 28', 
8o that we may probably Rssume that the cn^stais are regular octa- 
hedioiiii. No <'leRva'j;L' i^^ observRhle The colour is orange-yellow, 
and the lustre feebly vitreous. The substauce is translucent on the 
edges, its hsrdnees la that ol felspar, but the specific gravity could 
not be determined. It occurs at Alabaschka, near Mursink, and on 
account of its yellow colour has been named PfRhite.-W«u»oii'# 
Jmmal, July X840. 



PIHLITE A NLW MINFUAL. 

Sefstrtim has discovered at Fahbin a new niiiieral which replaces 
mica in granite, and which he has termed PihliLe, m honour oi the 
late M. Pihl, Director of Mines. It IS an intermediate substaneo 
between talc and mica, and its compoeltUm la eipressed by the Ibl* 
lowing formula : 



m n 



DYSODIL. 

This mineral, arranged in systems of mineralaLj^y under the name 
of Foliated Mineral Pitch, Ehrenberg has shown to consist of bitu- 
men, or mineral pitch, mixed with siliceous shells of infusoria, and 
occasionally with pollen of pines, &c. The wax-yellow Tariety found in 
Sicily, is made up of shells of Navieulte and mineral pitch : the nearly 
black-brown coal of the Westerwalde, is a variety of dysodil ; so 
also is the foliated leather-like bituminous coal of the Geistinfrer 
Busch at Rott and Siegburg in the Siebeiigcbirge, and a foliated 
brown coal of the Vogelsberge. Hence the mineral species 
named dysodil appears to be a pwr-slate impregnated with bitumen. 
Its colours are black*brown, or black. It never forms very thick 
beds, but sometimes widely- spread depoiats. It is used as fuel.— 
AtmaUo/Nat, Hiatory, April 1^40. 



METEOROLOGICAL OBSERVATIONS FOR OCT. 1840. 

Chitwick, — October 1. Overcast. 8,8. Very fine. 4. Raio. 5. Fine: run. 
€, Rne. 7. Pros^ and foggy. 8. Very 6ne. 9. Hasy. 10. Thnae fog ; very 
fine. II. Hazy. 12 — 15. Foggy in the mornit)gH: fine, 16. Overcast, 18. 
Cloydy: imin. 19. Cloudy. 20. Clear. 21. Fine. S3. Hazy: rain. 2S. 
Orercast : rain. 34. Overattt. S5. Very fine. 96. Overcsat. 27. Heavy 
rain: clear. 28. Fine. 29. Foggy: rain: dsnSS Ibg st night. 90. Cloildy 
And fine: clear. 3). Foggy: clear at night. 

So$ioiu — Oct. 1,2. Cloudy. 3. Fine, 4. Cloudy. 5. Cloudy: rain early 
A.M. 6,7. Fine. 8. Fine : rime frost this tnuming. 9. Cloudy. 10, II. Fine. 
12 — 14. Foggy. IS. Fine. 16. Cloudy. 17. Run: rain early a.m. 18. 
Cloudy: rnln r.v 1«>. Stormy, 20, Fine. 21. Cloiuly. 22, Cloudy: rain 
early a.m, lia. l ine: rain f.m. i4. Fine. 25. Fine: rain early a.u. i^d. Fine. 
S7. Cloudy c rtin esrly a.bi. SB. Foggy* 8& Clond^ : nin a.m; and r*ii« 
90,BU Foggy. 
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LXXIL I^rmarks nn Professor Challis's Livestigation of the 
Motion of a Small Sphere vibrating in a Resisting Medium, 
By Georqb Bidd£ll Airy, Esq, M.,A,^ F.B,S,^ Astronomer 

To ike Ediion of the Philotopkieal Magazine and JmumaU 
Gentlemen, 

IN vour Namber for December there is a paper by my 
mend Professor Cfaallifl^ oa the theoretical resistance to 
the moticm of a sphere vibrating in an elastic medium. The 
problem is so difficult, and so important in its application to 
ffeodesy, and therefore of such general interest, that I have 
Siought it best to state, in a public communication, the diffi* 
rii]ty which I feel with re^rd to one step of the investigation, 
and to request Professor CImllis to remove my difficulty by 
communication to your jcmi iKil. 

I see nothing liable to objection in pages 4fj3 and 464; 
but with the top of pac^e 4-65 my difficulty commences. The 
differential equation, tacitly used by Professor Challis, is that 

whose solution is v as* ^ ^^) ^* /^(^ . 7[fi . ) . which equation 

is perfectly correct for waves, diverging with equal intensity 
and with corresponding phase, in alldirections from a centre ; 
or, if not in all directions, it is yet true if the waves diverge 
with equal intensity and corresponding phase through all the 
angular directions included in a spherical sector bounded by 
material planes, which (produced if necessary) would meet at 
the centre of the sphere But it is not true in any other case. 
Thus we mny have two such spherical sectors, separated only 
by a material jmrtition, and with waves of different intensities 
and non-corresponding phases proparrated in the two sectors, 
from the centre, or from the surface of a small concentric 
sphere; and the equation applies to each sector separately; 
but if the pai tition be removed it no longer applies to the 
whole compounded sector. For the pressures against the par* 
tidon» produced by the fluids on the two sidesi were different; 
and} thereibret removing the partition^ a new motion of a 
PkU. Mag. &8. Vol. 17. No* 113. SttpfL Jan, 1841. 9 X 
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totally different kind, modifying the old pressures, and there- 
fore inodilynig the old motions, %vill be introduced. Tiiis 
remark applies even when the phases correspood^ if the in- 
tensities are different. 

Now it appears to me, lai as I can follow the investi«i- 
tioi]> that some such process bos been used «• adopting wm 
flolaticm abm allodea to» and sapposiog it to hM inlh wsm 
of difocnt intenutieB in diflfercnt fiarts of the surfiioe of tbe 
Bmall sphen. For the expfeestone in lines 26 and 28 contam 
the fiuftor cat 0^ which, ae it is not difoentiated in fhm 

operation for forming but remains still as a factor, seeiiis 

to imply that tlie wave in each infifiif^w^al sector goes oo 
just as if there were no other sector near it oommonicatini^ 

hUeral pressures. 

If 1 am correct in the view winch i have taken of the con- 
nexion oftliese steps oftlie process, I conceive that the in- 
vestigation must he cunsidered faulty. Of tlie Imlli of my 
first rem :iikj5 I have no doubt; but I am less LonfultiiL as 
to tlie exact connexion of the different steps hi Tioiessor 
Challis's investigation ; and upon this point I am onxious to 
be informed. I am, GenUemeny 

Your wy obedient lervan^ 

Royal ObMTvatory, OfMowicb, Deccnbor 9, 1S40. O. B. AlBT. 



LXXIII. Address of the General Seactarics of the British 
Association, Rodfrick Impey Murchison, F.RS.^ F.G.S.^ 
and Major Edwahu Sabine. F.F^jtLS.i read at ihe Meet- 
ing at GlasgcWf Seplember 1840. 

[Continued from p. 449, and concluded. If 

T^KOM Zoolnq^ical researches let us now turn to Physical 
^ CTfoluny. One of the most inieresting fruits ol modern 
experimental research is tlic knowledge of the fact, tliat elec- 
trical currents are in coiiiuiual ciiculaiion below the surface of 
the eai ih. Whether these currents, so powerful in developing 
magnetical and chemical phaL^nomena, are confined to mioeral 
Terns and partlcnkr arrangements of metal and rock, or ge> 
nerally capable of detection by refined apparatus well appliedt 
appeared a question of sufficient importance to deserve at least 
a trial on the part of the Association. Our present Yotome 
records the result of such a trial on tbe ancient and very re> 
galarly stratified rocks of Cumberland, consistit^ of limestone^ 
sandstone^ shale, and coal, so sii]>erimposed in many repeti- 
tions as to resemble not a little the common arrrnin^cmcnt of a 

voltaic pile. Varied experiffieots» with a gaLvaaoiueiec oi coa- 
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ndmble delicacy, ftiled to detect, in theie seemiDgly favour- 
able drcumstanoeS) any electrical current 

The extensive and rapidly incrLn^; I ng applications of iron 
to public and private structures of all kinds in which durabi- 
lity of material is a first requisite, have made it highly desirable 
to possess accurate information respectin*^ the nalnre of the 
chemical forces whicli effect the destruction of this hard and 
apparently intractable metal. The preservation of iron from 
oxidation and corrosion is indeed an object of pamtiiount ini- 
poi tance in civil engineering. The Association was, therefore, 
anxious to direct inquiry to this subject, and glacily availeil it- 
ielf of the assbtance of Mr. Mallet, a gentleman peculiarly 

Salified for such investigations, both from bis knowledge as a 
emis^ and from his opportunities of observation as a prac- 
tical engineer. An extensive series of experiments has ac- 
cordingly been instituted by him» with the support of the 
Association* on the action of sea and river water, in differ- 
ent circumstances as to purity and temperature, upon a large 
number of specimens of both cnst nnd wrought iron of different 
kinds. These experiments are still ni progress, and the eiliects 
are ob!^erved from time to time. They will aflbrd valuable 
<lata for the engineer, and form the ])rincipal object of the in- 
quiry; but a period of a few years will be required for its 
completion. In the meantime, Mr. Mallet has furnished a 
report on the present state of our knowledge of the subject, 
drawn from various published sources* and from his own ex- 
tensive observations. In this report be examines very fully 
the general conditions of the oxidation of iron, and how this 
operation is greatly promoted, althouffh modified in its results, 
seaF>water: also m what manner the tendency to corrosion 
is affected by the composition, the grain, porosity, and other 
mechanical properties of the differejit commercial varieties of 
iron. The influence of minute quantities of other metals, in 
imparting duraDilify to iron, is also considered. Mr. Mallet 
devotes mucli attention to the consequences of the ^ivanic as- 
sociation of different metaU witli iion, a subject ot recent in- 
terest from the applications of /auc and other metals to 
protect iron, which are at present agitated. He concludes 
this, his first report, by recommending a series inquiries, 
ten in number, which will supply the desiderata immediately 
reouired by the engineer and by the chemist 

We have next to notice a report by Professor Powell, on 
the present state of our knowledge of refractive Indices for 
the standard rays of the solar spectrum in different media. 
The difficulty which the fact of the dispersion of light has 
ofiQered to the universal application of the undulatory theoryi 

212 
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has been in a great measure removed by tlie analysis of Cauchy 
and others, who liave considered the distances of Uie undula- 
lory pai Ucles as quuniiueb comparable to the lenffth of a wave ; 
velocities of propagation of the different rays oT the spectnrai 
are made to depend upon the length of wave which oonadtolct 
a ray of a given ooloor» and tipon certain eonitants proper to 
the medium ; these oonstants being obtained from observations 
on refractive indices for certain definite rays (or dark lioea) 
of the spectrom, the refrangibilt^ of any other definite ray 
( whose wave-lengtli has been ascertained by examining an inter- 
ference-spectrum) becomes known, and may be compared with 
observation ns n test of theory ; such experimeuls have been 
made by 1 rauenhofer, lludberg, and Professor Powell, who 
has given a tabular view of the varimis ix-swlis, without. Low- 
ever, instiLuliug the comparison boiwueii ihcot v and observa- 
tion, which it would be desirable to extend luither than has 
yet been clone. It would be important also to elucidate the 
distarbiug effect of temperature, which prefenti efen eriatiny 
obemations from being rigorously comparable* 

The calculations respecting the tides» which hate been pro- 
secuted by the aid of the Association ever since its institution^ 
have been continued this ^ear by Mr. Bunt, under the direc- 
tions of Mr. Whewell. 1 hese cakulntions have now reached 
such a point, that the mathematician, instead of being, as at the 
beginning of this period, content with the first rude approxiina* 
tions, is now struggling to obtain the last degree of accuracy. 

The country in which we are now assembled, has always 
been conspicuous for mtentiou to meteorology, a branch of 
physical science, in which the British Association, with its 
power of combining the efforts of many observers in di:>uint 
fjuHi lers of the Mbe^ may hope to be especially useful. 

In Sootlandi Leslie opoied a new train of inquiry, by ex<- 
amining the earth's temperature at diflbrent depths ; and hia 
successor in tlie University of Edmburgh, is now directin|^ at 
the rcMquest of the Associations a large and complete course of 
experiments on that interestix^ subjecL Franied in conform- 
ity with the plans adopted for simdar objects by Arago vad 
Quetelet, these resenrches of Professor Forbes contain also 
the means of determining the power of conducting heat, which 
different sorts of rock possess; and may thus throw light on 
some of those peculiarities in the distribntioii of temperature 
at greater depths below the surface, wliich have become 
known by experience, but are nut explained by tlieor}'. 

In Scotland, Sir David Brewster was the first to obtain au 
hourly meteorological journal for a series of year% and to draw 
ffom diat fertile tonrce new and importanl dadnctioii^ whfeli 
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have had a powerfnl influence on the progress of scientific 
meteorology. How rri ;uityiii«r to receive, tlirough the same 
bauds, after the iapse u\ nearly 15 years, an additional con- 
tribution of the same kind, and from the same country ; but 
embracing new conditions, on a new line of operations, in or- 
der to obtain new results ! By the observalioiis now in pro- 
gress at Inverness, and at Kingussie^ the influence of elevation 
in modiffin^ the laws which nave been found to govern the 
hourly distribution of heat near the level of the sea, may be 
discovered, and thus a great addition be made Co the experi- 
mental results, for which science has long been grateful to the 
distinguished philosopher we have named, and which have 
been described as **of the highest value to meteorology, and 
as the only channel through which any specific practical in- . 
formation can be obtained in this most interesting department 
of physics." 

^Ins is no ordinary praise. It is the just tribute of one who 
is woriliy to offer it; one, who at the call of the British As- 
sociation, has conducted ai riyaiuutli a still more exiensive 
series of similar observations, and has added to them hourly 
comparisons of the temperature and moisture of the air, and 
an hourly record of barometric oscillations. Mr. Snow Har- 
ris has presented in a few pages of our last report, the precious 
results of (70,000) observations, and thus rendered them im- 
mediately available in the foundations of accurate meteorology* 
The documents thus patiently collected, are, however, not yet 
exhausted in value ; they may be again and again called into 
the court of science, and made to yield testimony to other, and 
as yet, unsuspected truths. They must not be lost. Shall we 
lay them by in manuscript among < t her unconsulted records of 
the pa!?t labours of men, or by untlertaking their publication, 
do justice to our workmen, and establish a new claim on the imi- 
tation of the present, and the gratitude of future days? This 

a' undon is of serious import. Already, stimulated by success in 
lermometric registration, we have set to work on a more per- 
plexing problem ; we have resolved to bind even the wandering 
winds in the magic of numbers. While we speak, the beautiful 
engines of our Whewells and Osiers are tracing at every instant 
of time, the displacements of the atmosphere at Cambridge, at 
Plymouth, at IJirmingham, in Edinburgh, in Canada, in 
St. Helena, and at the Cape of Good Hope ; and ere long we 
may hope to view associated in one dingram, the simultaneous 
movements of the air over Europe, America, Africa, India, 
and Australia, recorded with instruments which we have 
chosen, by men whom wc have set to work. 

Among the causes which tend to xetaid the progress of 
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science, few, perhaps, opcrnte mo\<i w jJcly than the ijii}>etil- 
mcnt to i\ I'lTc and rapid coiniuuiticaLiuu ui' thought and of ex- 
pci iiiiciils, Qccasionetl by diflbreuce of language. It appeared 
to the British AssociaiioD) that this impediment might in some 
degree be removed, as fiir as regards our own eomitry, by pro* 
cnrin^, and caiisiii|p to be pnblislied« tranaktioitt of .for^gn 
scientific meinoirs judieioudy sdected. Aooordingly at each 
of the meetings at Newcasue and Binninj^uun a grant of 
1002. was plamd aitbe disposal of a comnutlee appomted to 
carry this purpose into effect. Aided by the contnbotioiis of 
several translations which have been gratuitously presented to 
them, the committee have been enabled, in the two last years, 
to publi^li fourteen memoirs on subjects of prominent interest 
and imj»ortance in xhc inalhematical and physical sciences, 
bearinir the naino ui M>me of the most eminent of the couti- 
neriLal plnlu-^uphri"-.. 

Such, genileuien, is au iiiipei lcel review ol uui reecnL pro- 
ceedings. In two essential respects the British AssoctaikiD 
differs mm all the annual scientifio meetings of the Contnan^ 
no one of which has printed transactions or employed mooegr 
in aiding special researches. We also difo" from them in the 
commanications which, in the name of the rc])i csentatifea of 
science assembled from all parts of the United Kingdom, ipe 
feel ourseltes authorized to make frofai time to dme to the 
Government, on subjects connected with the scientific cha- 
racter of the nation. On our first visit to Scotland, for ex- 
ample, we felt it to be an opprobriuni that this enlightened 
kingdom should, in one essential feature of civilisation, be still 
behind many of the continental states, and we prepai ed an 
address Lo his iuLt r^lajesty*s Government, urging strongly the 
necessity of the construcuoii, withuuL delay, of a map of Scot- 
land, founded on the trigonometrical sunrey. Rcpi es a Btoi 
tions to the same eflfocl have since been made bj tne Rogpal 
Socie^ of Scodand, and ^ the Hi|[hland Society, and tha 
sntgect has now engaged thai attention, which will, we trusty 
soon procnce for this countiy the first sheets of a laige and 
complete map. 

If then it be asked, why are the men of highest station 

bappy to associate and mingle with us in official duties?— why 
have the heads of the noble hmises of Fitzwilliaro, Lans- 
downe,* Northampton, Burlini^ujn, Northumberland, and 
Breadalbaue, a'tt rii;ii' d m pi r-itliug over us, with our Buck- 
lands, our Sedgwicks, our Brisbanes, our Lloytis, and our 

♦ Tlio Marquis of Lanidownc, who h^A qccrnted thr office, was prrvertcd 
from attending by Uouiestic aliiicuuii, and tiic Murtjuts of r^ortiiaiup 
ton cheerfuUy supplied bu place. 
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Harcourts? — why indeed, on this very occasion has Argyll 
himself, overlooking the claims Jue to his high position, and 
his ancient lineage, come forward to act with us, and even to 
aenre in n subordinate office?*— may we not reply, that it u» 
we believe^ a coneeqiience of the just appreciation on the part 
of these patriotic and enlightened noblemeni of the beneficial 
influences wliich this Association exercises in so many ways 
on the sources of the nation's power and honour ? 

If we have hitherto dwelt almost exclusively on the value 
of our transactions, researches, recommendations, and the 
good application of our finances, let it not, however, be sup- 
posed, that we are not also iully alive to the advantages which 
flow from the social intercourse of these meetings, by bring- 
ing together, into friendly conununion, from distant parts, 
those who are struggling on (often remote and unassisted ) in 
advancing experimental science. If, indeed, this principle of 
union (which we are proud to have borrowed from our Oer^ 
man brethren) has been hitherto found to work so well 
amongst our own countrymen, we cannot but doubly recognise! 
its Taliie when we see assembled so many distinguished per« 
sons from foreign countries. In the presence of these eminent 
men, we forbear to allude to individual distinctions, conscious 
that any brief attempt of our own would fall far short of a true 
estimate of merits, the high order of which is indeed known to 
every cultivator of science in Britain. Well, however, may 
we rejoice ni having drawn sulIi spirits to our Isle; valuable, 
we trust, will be the comparibuiii wo shall be en:il)led to make 
between the stepa wiilch the differeiit sciences are making in 
their countries and in our own. 

That advantages, indeed, of no mean order arise from such 
social inCereouTse^ is a feeling now so prevalent^ that foreign 
national associations for the promotion of natural knowledge 
have rapidly increased. Germany, France, and Italy have 
their annual Assemblies, and our allies of the Northern States 
hold their sittings beyond the Baltic In all this there is 
doubtless much good, but an occasional more extensive inter- 
course of a similar nature, to be repeated at certain interval^ 
is greatly to be desired. 

It has therefore appeared to us (and we say it after con- 
sultation with many of our continental friends, who equally feel 
the disadvantage), that the loraiation of a general congress of 
science might be promoted at this meeting, which, not inter- 
fering with any assemblies yet fixed upon, or even contem* 
plated, may be so arranged, as to permit the attendance of the 
officers and active members of each national scientific insdtup 
tion. . 



Digitized by Google 



488 



Mr* Lubbock on ike Heat qf Vaptmn 



If the Brititb Associalkm should take the first step in pro- 
posing a meesure of this kind, and should solicit the iliustr^ 
008 Humboldt to act as President we are sure that acieatiile 
luen of all nations would gladly unite in oifering this bomsge 
to a man whose life and fortone have been spent in their causs^ 
whose voice has been so instrumental in awakeniuff Enrope 
to the inquiry into the laws of terrestrial magnetism, and 
whose ardent search after nature's truths has triumphed over 
the Andes and the Altai. 

If such be j'oiir suggestion, then will a fresh laurel be added 
to the w reath of this city. She who, through the power be- 
queathed to her by her ilkistrious oflTspring, conveys with 
rapid transit her inventions nnd her produce to the remotest 
lands, well can she esLimaie the value of an union of men 
whose labours can but tend to cement the bonds of xreneral 
peace. In such a l)o(ly the British representatives would, we 
trust, form no iacouspicuous band ; and vvilli uiind.-. sUengtii- 
ened by the infusion of fre^ih knowledge, they would, on re* 
assemfaling for our own national end:^ the better &ustaio the 
permanent and anccessfiil career of the BrUkk duod^tkeu 



L.XXIV. Oji the Heat of I 'apours and on Asti onomical /?f- 
Jiuclions. By John William Lubbock, Esq.y Treas. 
It,S,f FAi.A.S and F,L,S,^ Vice'ChanccUur oj ihcVnivasitif 
qf London^ Sfc, 

[Continued from p. 473, and concloded.] 

IF the constitution of the atmosphere be such as I have 
concluded, by pi oper substitutiuns in the differential equa- 
tions of refraction, an accurate table of refractions is to be 



If 




procured, which may be compared with that of M. fiesssl 
obtained empirically. 
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Lei S A O K b« the Vn^edbc/ry described by Ibht ematmiiig from 
the Iter S in its pessage through the •tmospnera to the earth's 
surlbce al O9 ^ the apperent xenlth distance, or the angle which 
the tangent to the tnyeetory maltes with the line C O K at C H 
perpendicolar to S A K» tlie directioo of the ray before it enters 
the atmosphere » jf, a s C 0» then 

* — K p flsini 

I assume these equations, which are proved by Mr. Ivory in the 
¥hiL Trans. ^ I838ti nnd which are equivalent to similar equations 
given m the Mao. CdksU* 



« wain. $ being a constant and u a certain function of the 

»+T . 

density, which depends upon the constitution of the atmosphere^ 
and which for the present may remain undefined* 

a ST 

«isin9d« {1 + 9«« + &C.V 

^ - . ~ 

if^stt fti — aa> = i^ «=l— 

» r 

^The quantities rejected being plainly oi no account relatively to 
those retained* Further, because • Is always less than 1, - — - — 

1 — 2 a o» 

is contaiiiccl between a und a (I -f 2a), and it may be taken (_'(|iml 
to a, 01 iQ the iiieaii value a(l «)|.." Tliui we have (bee Piiil. 
Trans. 1838. p. 205.) 

* This quantity must not b« confounded with the • which arcompaoies 0, 
[t Mr. Ivorj's paper here xtkrred to has been reprinted in L. & E. Phil. Bfag., be- 
diming iDYol. XV. p. 3, aodCHduding in vol. xvi. — Edit.] 
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d . S 6 s sin d X ■ ..^ ^ / 



-✓cos's + 2» X 
[1] 

3 sin 6 « (I + a)i^j;*dM . 

The refraction will thus consist of two terms, which I proccv^^tl 
tu coiisider separately. The second term is miuule) aut auiouiiLui^ 
to 2'' sex. at Ilia honson. 

Throuffhoat ifab treatise on Astrononiieal ReftactiaiiaDne arooent 
wiU be a&ad to ray qrnibol that U iMy dmota the part^ 
of the variable which obtains at the eumce of the eardiy and tmo 
nccents will be affixed when the particular value whk^ obtaina at 
the superior limit of the atmosphere is inteaded. 

Hie limits of or ^ and ^ comsponding to and t^* are 

4^ s 0, jr'' » ii" - 4-9 because «/ ^ 0» or" v 1. 

tsmu^^m^u^^ iu\ the function indicated bv 

t t 

the letter f for the prebeut um^ remain undefined. 
By Lagrange D liieorem 

s Sr d4r S^d^r* a«e* 

s « + -r w. 
f 

Hence 

St dx 2.3 1* djr 
LetXBj"-X, » = ti''-(;, w=l-FU, then 
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Tlii^ series majr be u&ed if tiie atmusphere i^xieuds only to a finite 
altitude. 

Let 

dtfsxdjr i^m — , \ • 

4 r 

Tbe intflgral of d • { 6 is to be taken from 

cos 9 . V CQs^ d + 2 # a " 

Let ^^-^y nprauit Uie ^iie dC ( ^ fiomer of 

(d* anX'' 
Us valae al the lalttff then intigniing 

oontiiiiuiUy by |Murti» 

a sin 5 J— d s 
d X 

Veoii'l'f HiJr 



a sin 



+ 

The MCNid tennis 

S a sin d f ^ d flo 



the inte^rai oi which is 

3 a sin 5 Jd » fz^ 3> ^. C08*l^ 
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3 a sin 



+ 3 



In order la take this quantity bedreeo the proper limits, it iecnlj 
neoemrv to write it first with two accents and ' 
cent* and take the difference of the quantities so 



Instead) however, of empknring the preoedlog expressions, I 
shall now introduce the aulDarjr qoanti^ t empkijed k»y Mr* 
Ivoiy* Let 

tan ^ =s .l^lii^ tm\m^ 
coa9 ' 



I asiume with Mr. Ivory 

d X 2 e jc'^ d r 



then .r = .t*^^ z — e« — r^). 

Suppose d c0 contains an^ term of the iorm Ac d;r> then 

a sin 6 d CO ..... 

.r Will coatmu tiie term 
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wliieh it to be integrated Irom a 0 to r= 1. This intagnl may 
be exhibited under two aspects; in the firtt> whicii it that given by 
Mr. I?ory, the coefficients of the diiSsrant powen of e consist of a 
finite number <^ terms. In other forms of the integral, which will 

be given here, applicable to all ntmospheres of finite nltitiide, the 
coenicients are composed of m\ infinite niiinber of terms, conver- 
ging with rapidity and in a form suited for numerical computations 

and the single term Ac~^' d 4? in d m will give in 

} 

^ ' (" + I) + «) («• + » + 1)* 

Hence it will be seen that if d m contains any number of terms 
of the form Ac~^' dx^ the definite integral reqoired 

■1 

Another ezprottioii kx may be obteined In the following 
manner. Snj^xMe d • oontemt any term 

4, d# « d* 



4- 
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«»-«ajr^(l-z) (1 

„ 2 + ««) »• 

y*', v» w III (m - 1) ( M ~ 2) 1 
^ (1 - •> « - (^4: , ^ 

» and m being whole numbers. Hence 

f.f,/^ 8^3^-* , 4^,,^ -i 

f 2.l^,.-'' ■ 8.g^3x^4 4.3^,«^^ 5.4^,x^-« ^ i A. \^ r 
\ 3.4*5 4.6.6 5.6.7 OTg***"*^/*^ i-'-^ 

. ( 3.2.\Aix"* ^ 4.3.2^4x^^» . 5.4.3^,x^ . 6.5.4^,a^ . , _ 
\ 4.6. «. 7 6. 6.?. 8 + 7.8.9.10 

^ I 
."f^, 8cc. nre constants, the numerical value of which de> ^ 
pends upon the constitution of the atmosphere. \ 

• = 1- ^o-X- A/'- ^ -See- 
the first term b ncoessaril v equal to imi^i because when X = 0 
« s I, when mssQ, X^X ^.j^, therefore genendly 

Let «| be writtan for breviqr instead of ^^^9 

^ 

^ {j^)' • 

then the quantities ^^~~^> Cs^} ^ deduced frutu m^^ 

&c.» in the following mannert without having recourse to the 

- u d, (fT)« ^ «« d«. (f*P ^ 
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dft* d (1) d X 
Til* dl dn 

therefiwe 

dM t#| 

1-7-1 

similarly 



2? 



Th« qnantitMS ^-^2, 'Jke*, might also be deduced from 

^1 flO CO 

STT* dl/^' nmilar ezpressionsi only ehangiDg the signs 

of those tenns which are multiplied by uneveo powers of 4-* I 

have not, however, found it convenient to have recourse to this 
method of ohftabing the developnidnt of « in terms of X I have 
employed die series 

and 1 iiave Ibuud ^ (F X)* by actual multiplication, 

by moltiplyiog ^. (F by A (F iQ, &c This prooess» thoagh 

somewhat Ltd ious, is extremely easy. As it niiiy be carried on sy- 
stematically, and the numbers follow each other, it is not liable to 
error. 

So far all is general ; it now remains to mid^e some supposition 
with rmrd to the function f npon which the constitution of the 
atmospEere dq>ends. If we take, as in vol. xvi.| p. 440b see also 
pres. ToL p. 879. 
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« = See p. 490. 



(1 - H) 



If we takc^ at in p. 874, y = I'^f 



— =s if. See ToL xvi«9 p. 440. 

Inj>age470 1 fouiul //= '54378 flVoni llie observations of M. 
Gay Lfiissac) corresponding to the temperature 87'°35 ot Fahren- 
heit) and to 30*1^5 inches of mercury in llie barometer. As tlie 
uncertainty with respect to the values of y aiul K appertaininj^ to 
the mean state of the atmospliere makes it useless to liave retotu se to 
greater refinement, I shall now suppose that this value of // will l>e 
suUkieiuly exact lor the temperature 50"^ oi I'ahienheit uikI ior 30 
inches of mercury in the barometer at the earth's surface; the sequel 
will show that this bvpothesu is admissible^ and the cateulatioii ef 
i will stand thus: wben y = 1*5 

log ^ s 4*2C»3d3d2 logyS ^ 9*5228787 

log M m 9«S7784S log « 9«7$M8SS 

log (I + « ^) = <H)1598S1 a = 6*8041168 



S«9171116 
6^84187 

kg t s 7*8648989 i 

tt" = Nap. log YZl^^ •78478, 



6«06M187 



-0071564 
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iullovviiiL^ table sliows the constituiioii of the ntmosphere 



witii this system ui coiisLants.* It should be recollecLcd that in cal- 
culating this table, as well as those in p. 278 and p. 280, the law of 
Mariotte and Gay Lnssacy 

is iiiiplicitly supposed to hold good at very low temperatures, which 
is to u certain extent conjectural. For this reason, and for the 
reason that we have not at present sufficient data for determining 
with great precision the constants y and Mf It Is not intended to 
attach precision to the temperaturesy densities and pressures given 
in the following table for the altitudes beyond 5 miles* The fol- 
lowing example will serve to show how the table was calculated : 

Calculatiou of the Pressure, Temperature, and Density for the 

height of 10 miles. 



log 10 = looooooo 

log a = 3-5974758 in miles 

7-4025242 

•002526 
7-4025242 
log 1*002526 = 0-001 13G4 

7- 4013878 

8- 2169086 



/ = 7-8546929 
log M = 9-6377843 

8-2169086 



'152925 
9-3470750 = log (1 - II q) 

•703194 

•29G806 = //y 



9-1844792 

\ogHq = 9-4725517 
log H = 9-73j42oJ 



log (1— j) = 9 Gj71324i 

2 



9*7371285 
•54592 = q 
•45406 = 1 9 

9-6571324 
3 



1*2201080 
log /J = 0-4485185 



9-3142648 
9-8470750 



8*9713972 
1-4771213 



9-1613398 0-4485185 
•14499 p s 2-81 



T as [1-2201080] ^ - 448® 



1*6686265 
log q s 9-1613398 

2*5072867 

321-6 
448-0 

r = - 126*4 



PkiL Me^, S. 3. Vol !?• Sv^ppkmeni, No. 113. Jan. 1841. 2 K 
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Tiible showing the eoostitDtioQ of the AtnMMnh< 







Temp. 


Dcniitj 






r. 


t' 


0 


$KHm 


Pahr. 


1-00000 


1 


24-61 


d5K> 


•81611 


2 




19-5 


712iM 


3 


16-SS 


+ 8-4 


•59798 


4 


18-06 


-18-8 


•49903 


5 


10-41 


30-6 


•41403 


10 


2-81 


126-4 


■14499 


15 




340*« 


•OOSfS 


wa5 


•••••• 


-448-0 





According to this system of constants, the ascent for deprofismg 
Fahrenheit's iheroaometer V is about 352 feet. 



If log « (in MX. fee.) « 1*7669538 ^ 



f 



log {p-J^^y = S»-5066765. 
Fi;«^i^^^{c^^-.2«*^+c^}. See p. 473* 

= [9-6066786] -f [9-8077tM>4] -f [y-8254ii52j £/« 

[9-6827677J -f [9-4289405] + [9-0902531] 17? 

+ [8-6829116] + [8-2178251] CT* + [7-7028036] a>o 

+ [7-1 IM6«7H^ + [6-5460488] L^'^ -)- [r^-9H\\7^H] 

+ [5'2429802] + £4-6449962] + [3-8l8ti763] &c. 

F X is found by chan^jr 17 into X in the above eeriea. AUl^mgh 
the development of m might be obteined bj pn o cn r in g the qoen* 

STS* cTX^ ' d XT' 3T^ through the expreswoDS 
given in p. 492. I have prctc;i-rcd cnij)lu) nig the series 

dc.= l~FJC-^. j-^^ 



By involution from (he expression for F JIC the following were ob- 
tained : 

yj(Fjr)» = [7-3105250] A'« -{- [7-9125849] + [8-2225672] X* 
+ [8-3653575] + [8-3901249] A'* + [8-3259417] Jr» 



* I havL' adjusted the value of • e>o tiiat the mean rclracuoii at 4i>" tuigbl ejtftct^ 

•gnt with tlMt of M. — ' 
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+ [8*18Mlfi5] X*^ -f [7*9996434] [7-7440897] 
+ [7*4499648] X» + [7-1140006] jr»<+ [6*7436508] Jf «■ 
+ [6'34S3889] + [5*9048794] X^^ + ftc 

(P « [4-9389822] + [57169619] + [6-1990786] X» 
■ ' + [6-5194908] An* -f [67058125] A"»+ [«W3789]X" 

+ [6*8841945] AT" + [67797954] A'" + [67194763] JT** 
+ [6*5779048] Ai> + [6-3758464] X»+ [6*1424838] JIH' 
+ [5-9091202] + 

j-j^^F JT*) »[2-44l 1007] -h [3-3458338] A' + [^-To^^^mi] A"'" 
^. [4-3H5361t»] A'" + [4-69966G4': A"5-f- [ I IL^O 191)1 t X" 
+ [5-06(;Hn2]A''< + [5-1470479] A'i^+[5-l817987J A»« 
+ [51502344] Ji:«7 + [5-0587813] JIC»s+ £4-9792296] X^'* + &c. 

2 a 4 i •i^^'*^"^**^'^**^^ '^*+ [0-1480399] Jr"+ []*5496998] A"'* 
+(9'0eS0470] [94878504] + [9*8096979] X» 
+ (3-0171198] X» + [3*1689904] + [3*9999499] xn 
+ [3-88a0969] X» + [3*4680509] X* + 

The coefficients of ihe different powers ot" A' in these series be- 
come very small, but they acquire lar«^e multipliers from the suc- 
cessive differentiations which are recjuii ed to give tlie corresponding 
terms in ilie expression for eo. 

I find with this constitution of the atmosphere, being the 

coefficient of in the expression for j^. 

^1- -6422 

^1-1*9968+ -0S45»1'9513 
^-9'«761+ -1635+ *0010«9^06 
^4-9MM)65+ •5006+ -0109 + *0001 - 9-9908 
1-6110+ -9741+ *0631 + -0007 = 9*6889 

-8617 + 1*3750+ •1640 + *0045- 9*4069 
Af^ •3864+1-5960+ *3657+ •0199+ •0003 - 9^9956 
if, » •1486 + 1^3990+ •6868 + •0595 + -0019 - 9-3373 

^g-i •6604 + 1^0819+ *9009 + *l498 + *0074 » 9*1897 

^w- •0153+ *7399 + 1-0335 + •9808 + -0999 + -0007 - 1-0648 

HI049+ •4389 + 1-1965 + -4596 + -0561 + -0099 » 9-6889 

^u* •0010+ '9866 + 1*0399 + •6859 + '1094 + *0090 9-0741 

-0009+ -1163+ -8410 +*8079 + -9051 + -0996 » 1-9994 

^,4- ...... + •0699 + -5644 + *8410 + •3371 + •0499 « 1-8466. 

j~ - -6499 A- + 1 -95 1 3 X« + 9-8406 JIT* + 9-9203 X* 
+ 2-6389 A»+ 2-40u2 A« -f &c. 

Hence by substituting these valnes of y/,, yf,, &c., in the ex- 
pression for ^ & given in p. 42^1, 1 find the iirst term in the refraction 

2K2 



Digitized by Google 



500 Mr. Lubbock on the Heat of Fapours 

s sin 0 {llS^'Be + 6S9"*9 ^ H- «!0"*4 e» . , 

At the horizon ^ s 1^ and this portion of the homontal refiradm 

= 2076"-9* 
The second term m the reiiracdon b 

S sin 6 a a*^ d » 



2 



it 4? 



8 Vgjr" + 



3,4 Vf«8ln6«»«»€»d 



2 "^2 a" 

Suppose d u) contains any term 
^^(jpw-jrf da? 

« sin 9 j;''"'*"* - •v**^* 

Neglecting the Iiiii;licr i>ower8 of e 

^ 2.3.4 3.4.5 4,5.6 

+ &c.| [2] 
With the same constants as before^ y ss 1*5^ H=i -54378 

+ &c.J^ [2] 

— — 1"'5 sin (i f'^. 

This term thus amounts to uiily l/'-5 at the horizon; according 
to Mr. Ivory it does not amount to more than I". 

Hence, finally, the refraction is expressed by the following 
series : — 

Ref. = sin 9 11132'^-8« + 638"-4 ^ + 220"-4 



Digitized by Google 



and on Astronomical Refract ions^ 



501 



» sin a {[3-0541728] e + [2«8051475] 

+ [2-3443834] + [1-7821564] , 
+ [l-230l754j<?'^-f [0-7409070] e'' + &c} 
[9'0139814] ,-,„n^ 

Mr. Russell has calculated a tabic of refractions from the above 
formula; and the following comparative view has been drawn up, 
with Bessel's table in the Tahtdic Rcgiomontance (which may be 
considered as the result of observations), with the table published 
annually in the Cojin. des Tevips^ and with Mr. Ivory's tabiey re» 
cently pubUbheU iu the Phil. Trans. 1838, p. 22^. 



Tables of Mean Refractions, 



Bar. 30 inch. Thenn.^ Fahr., 50^ 



j 




1 


A pp. 
Zenilli 




Calculated. 


Observed. 


A;)p. 1 
Zenith 


nut. 










Dut. 


Conn.detTein|». 


Ivory. 




TUi. Rif. 










ld-30 


o 


fo 


10-30 


10-30 


1#30 


10 


20 


31-26 


21-26 


21-26 


21-26 


20 


30 


83*79 


33-78 


83*78 


88*72 


30 


40 


48-99 


48-99 


48-90 


48-99 


40 


45 


58-36 


58-36 


58-36 


58*36 


45 


50 


69-52 


e9-58 


69-51 


69*58 


60 




83-25 


83-25 


83-21 


83-21 


55 


60 


100-86 


10(*-85 


100-85 


1(H>- 85 


60 


65 


124-65 


124-65 


124-63 


\2i'G2 


65 


70 


159-22 


159-16 


159-16 


159-11 


70 


75 


214-83 


214-70 


211 OS 


2l4-.')8 


75 


bO 


320-63 


320-19 


320-08 


319-88 


80 


81 


354-38 


85378 


853*64 


353-38 


81 


82 


395-37 


394-68 


394-47 


394-20 


82 


83 


445-87 


445-42 


44511 


444-86 


83 


84 


611-88 


509-86 


500*84 


500*88 


84 


85 


595-80 




593 13 


593-38 


85 


85i 


648-34 


r> 10-21 


645-15 


61710 


85 1 


86 


710-07 


707 i.'J 


706 04 


707- 15 


86 


864 


783 07 


779-92 


778-08 


777-36 


864 


87 


870-37 


806-76 


864-30 


864-59 


87 


874 
88 


976-89 


971-93 


968-84 


972-21 


87i 
88 


1105*1 


1101*35 


1087*86 


1101*40 


88i 


1205 0 


1302 0 


125700 


120j-5 


88 1 




1464-9 


UOO-8 


1461*49 


1481-8 


89 


894 


1716-4 


1729-5 


1725-70 


1764*9 


894 


80 




2078*6 


8075*4 




90 



The constitution of the atmotpben it ftbown by tb« Uble in p. 498. 
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The following table siiovvs the errors of the table of tlie Conti, 
des Temps, of Mr. Ivory's table, and of my table, assumiDg Bessei's 
to be correct. 



Zcnitb 
Di»t. 


Error oTTkbTc 

of 1 

Conii, lie* Tern] 


Error of 

Mr. fvorr'» 1 


Frror of 
New Table. 


Zenith 


Error of TWfal* 1 

of 1 

Conn, .it ' r, 


Error of 

Mr. Iforr** 

Tali:. ' 


ErroroC 

Nfw TahJc 


o 




// 


// 






// ^ 






70 


+ -11 




+ \ 




312 


+ -28 


- Ml 


75 


+ -S^ 




+ -10 


86^ 


+ 


5-71 


+ 2-56 


+ -72 


90 


+ -75 


+ '31 


+ 


87 


+ 


S-78 


+ 9-17 




SI 


+ -95 


+ •41 


+ -26 


87i 




3-68 


- -28 


- 3-37 




+ 117 


-1- -48 


A. 27 


88 




3-70 


- -05 


- 414 


83 


-}- 101 


+ -56 


+ -25 


88| 




0-50 


- 2^90 


- 7-80 


84 


+ 1-99 


+ •63 


+ 11 


89 




1690 


- 15-00 


-20-30 


85 




+ •SS 


- 25 


89i 










85} 




- 89 


- 1-95 











I think that the discrepancies about 85^, 86, 86|, are caused by 
irregularities in the refractions of the lab. Reg. Groombridge, 
who made many observations for purpose of tletermininif the 
amount of the refrnrtion near the lioi izon, makes the horizontai re- 
fraction, for barometer 30 inch, and iht.Tm. Fnhr. 50^ ^?075"*4.* 
There is, however, some uncertainly res})eclliig lliii> quantity, aod 
generally respecting the amount of refractions near the horizon. 
Upon tliis point see Dclainlne, Ast.^ vol. i. p. 319. Mr. Ivory 
says There is great probability that the horizontal refraction is 
very near 2070^, and aoes not exceed that quantity." 

But for the irregularity in fiessel's table, which is deariy seen 
in the diagram inserted in the annexed plate, my table of mean re- 
fractions would be identical with the table of that distinguished 
astronomer to within 3 degrees of the horizon. It may therefore 
be safely concluded that the refractions, which belong to the atmo- 
sphere, constituted as I have supposed, in conformity with mv 
theory of the heat of steam and other vapours, are consistent with 
observation. 

The quantities denoted by th ^ in the Micamque CHesU 
correspond to the quantities, i j% and f this treatise. The 
equation 



* Thi t urfous c(riocid«iice, wilb iDjTiliMof tfit horijootal nfi«ctioa» itoComini 

partly accidental. 
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LtplaoB MtuntB tlia reiadon between m and 4r. 



or in the notation of this treatise 



if ""^ 
• as —-^jgC 

y and /' being arbitrary quaDtitieSi such that 

A table, similar to fTiar which I have given in p. 4-98, showing the 
consULuLtuii yf tl)e ntmosphere, which Laplace lias assumed, would 
be instructive, and w ould enable us to judge of the admissibility 
of the coudiiions attriliutc-d to the higher regions of die atmosphere 
that |;reat philosopher. 

In this treatise I have obtained an ezpresiion* ibr the altitude 
in terms of the pressnre* founded npon the conditions of elastic m- 
pours generally ; this gives the reladon between u and » (see p. 47 1) 
from which a rdation between x and u must afterwards be sought. 
When on the contrary the relation between m and x is assumed 
(as was done by Laplace) an advantage may be gained in the cal- 
culation of the refraction, at the expense, however, of a simple and 
intelligible definition of the constitution of the ntmosphere; and 
such a relritiou i< of cotirse also unconnected with any coDsidera- 
tions founded upon tlie nature ot caloric* 

Mr. Ivory assumes the relation 

denoting the pressure, and g' the density of the atmosphere at 
the earth's surface. From this relation iL luUowi, ibuL (see p. 473) 

1^ % C an L| A v** >o Mr.Ivorj^* notatioii. 



Itt a 
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When u is a simple function of »p this value of u may be sub- 
stituted iu tlie equation 

asfi — -jeo*, (p.489) 

and the value of « in tenns of x may be found at once by the re> 
version of the series. 

Mr, Ivory makes ^ ■ » so that 

OP = - log (1 - •) +/l0g(l - •) + a, 

« -Iog(l -co)+/log(l 

This e(^uatioii coiTespoiids to the equation ot Mr. Ivory 

A' = tt — A (i - c-u) — / — 1— — M — 

^ ' c-»d« ^-^df^ 

p. 203, when/' =0, /J^ = 1 — « — « » 1 — c-»». 

The table of mean refractions given by Mr. Ivory is founded 
upon the supposition ihatft/^ Sc* — o. 

ut/^ — M'+«')U-Z)iog(i_„) 

ag B\ i 

2k {I + a9) 



».iw,'-"'-^-"t'-/'^a-/)i 

a' = — log (I — o>) + A' « 

t and ^ are identical with the quantities represented by those let* 
ters by Mr. Ivory, if 

«« -0002835, i = -0012958, A = •22566, /= | 

then t' s •0010078, '29012. 

By Lagrange's theorem I 



* Mr.Ivorjr bM tfie equivaltni moatioii w i-^ «. + p>SOS. Mr. 
Itoi7*s ir ii a i« to the notation of tliii Ufntfic 
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" 1 

The first part of the refractiua is given by the expression 



d CI) 



r 

« (t + a) sill / -==^= 

Let 



{cos- 5 ,1 o 

fir II 
At the horizon cob « 0^ s 0 

Thi« part of the borizootal refraction 

* ^^2? 1 -^"2 "^1.2v^s"""l.2.3V4 ^ • ' 



J 
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4* 7 44 4' 

when the higher powers of / and h are rejected, and this expres. 
sion agrees with that giyen by Mr. lTory» Phii. Trans., iSStty p. 
207. _ 

« (1 + «c) w 

^ = 

la atmospheres which extend to an iuiinitc distance m (or a. in 
the notation of this treatise) is infinite and e always = 1, so that in 
this case the method employed by Mn Ivory in p. SI 1 of his me* 
moir, Phil. Trans.» 1838, would seem at least to require further 
elucidatioD. Mr. Ivorjr has avoided this consideratioR» which 
would otherwise arise with the atmosphere which he has assumed, 
by imposing an arbitrary limit to the altitude of his atmosphere^ 
while, however, if I am mit mistaken, upon his own assumptioo, 
the density and the pressure are still finite. When n is large the 
numerators of the separate quantities of which the quantity ^^^i 

In p. 211 is composed become large also. 

1 do not find in Mr. Ivory's paper any remarks tendiqg to prove 
that the quantities which he has discarded depending upon the 
higher powers of / and // are incapable of producing any scn«;ible 
efiect ; taken separately tht v are by no means insimiificanL Nor 
do 1 think it follows as a matter of course, even if tne positive and 
iicuative terms, are numerically of ecjual value at the i>orizon, and 
so fortiitnitely cut one another out, that the sauie iliin£x will li.ippen 
necessarily at all other altitudes. Unless the appiuxuiuiiion is 
pushed so far as to secure the retention ol all the seubible terms, or 
those which faurlj come within the limits of the errors of observa- 
tion, any corapariaon of the resah with the valuable table of M. 
Bcssel is illusoiy and only cakalated to lead to inoomct condu- 
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sions. It is also indispensnhlc that the rehition implied or ex- 
pressed between z and :o should be in exact conformity with the 
conditions attributed to liie atmosphere, and in this respect the 
tiiblu ot iiitan refractions of the late Mr. Atkinson in the Meniuirs 
of the Astronoancal Society appears to me not to rest upon a sohd 
foundation. 

Mr. Ivory connects the pressure and the density by the relation 
^ = •77777-^ +-22222^ 

M. Blot finds 

•761909002716 + *2S8167190564 ^ 

— •000O761932S2» 

when the coefficients are so taken as to apply as nearly as the qoes- 
tion will admit of throughout the whole extent of the atmosphere. 
But, by a cnreful examination of the data, M. Biot finds that at 
the earth's suriace the tbiiowing relation is more accurate. 

^ s= -956643870584 + '120146052460 ^ 

— *076789923044 (p. 69.) 
and at the upper limit of the atmosphere 

^ SB •6604978157646 jr + *41 5958 1823536 ^ 

— •00(JU6G05394115. 

According to my view this equation does not contain the true 
mathematical I:\w which connects the tlensity and pressure, hut of 
course a parabola of this kind may always be found which will 
osculate the true curve at any given point. 

In the Comptcs litndus des Stances de V Academic des Sciences^ toni. 
viii. p. 95, M. Biot verilied and adopted a calculation of Lambert, 
who (bund from the phenomena of twilight the altitude of the at- 
mosphere (hauteur des dernieres particntes d'air r^4cbissantes) to 
be 29,115 metres. 

It Is unnecessary to dwell any further at present upon this sub- 
jecty because if my theory of the Heat of Vapours be correct, the 
calculation of Astronomical Refractions, founded upon conditions 
which are not in conformity with that theory, becomes a problem of 
mere curiosity. 
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LXXV. Proceedings of Learned SoeMei^ 

OBOLOGICAI* SOCIETY. 

Axmvmary Addren of ike Rev, Prof^BiMklaDdty Prm^mlt, 

PA. 21, iSiO: 

[CootiniMd irmn p. and ep nclm tedL ] 

roSITIVli ( EOLOGY. — DEVONIAN SYSTEM. 

IN the Home Department of Positive Geology, the most strikti^ 
circumstance has been an aiinouacement by Professor Sedgwidc 
ud Mr. Murchuon of the eonduiioii to which they were Md bj 
Mr. Lonsdale's suggestion in December 1837} founded on die inter* 
mediate character of the fossils in the Plymouth and Torbay Itmo- 
stone — that the greater part of tho slate rock^ r»r tho soiith of Devoa 
and of Cornwall belong to the old red saiuUtoiie iormalion. 

The order of the obi>cr\ atious which have led tu thti> important 
reftilfc» is neaily as follows:— 

In ft paper read at Cambridge, durinff the winter of 1 836-97* 
professor Sedgviek considered we fosstllfeiovs shtea on botb sidee 
ol' Cornwall to he t>f the >^a!ii^ formation, and coeval, or nearly so, 
with the calcareous rocks that lie between the slates of South 
Devon. 

In 1836 and 1837 also*, Messrs. Sedgwick and Murchison pro- 
posed to transfer the culmiferons or anthneitie shale and grits (Bhil- 
lot and Dnnstone) of NoHk Devon to the carboniferous system; 
withdrawing them from the grauwacke in which they had before 

been included, and thus assigning a much more recent date than 
heretofore to the strata which occupy nearly one third part of the 
map of Devonshire. 

But the relatioQS of the slates and limestones of Somtk Devon still 
remained to be determined ; the mineral ehaiaeters of the fMmer 
being dlffinentfrom those of the old red sandstone beneath the car- 
boniferous gron]\ in many parts of South Wales and in Hereford- 
shire, while the true position of tlic limrstoTir^i A\ g. those of Ply- 
mouth, Torbay, and Newton i>usheil,j \\as doubtl'ul. At this period 
(Ib37)» the fossils of this district were examined by Mr. Lonsdale 
and Mr. Sowerbr* to whom the wganle reaMuns, both of the e«w 
boniferous and Sflurian mtems, were ftmiUar. It was soon per^ 
ceivcd, that while some of the South 1>( \ >nshire fossils approacl bed 
to those of the carboniferous strata, and others to those of Siluria, 
there were still many species which could not be assigned to eiih«'r 
system; the whole, taken together, exhibiting a yieculiar and iiiiei- 
mcdiate palaeontological character. Mr. Lonsdale therefore sug- 
gested, that the difficulties which had perplexed this inquiry oooM 
be removed by legaidiny the limestones of South Devon as subciw 
dUiate to slatj rodss, which represent the old red sandstonesof Here- 

• In August 1836, at the Meeting of the British Assodstion at Bristol i 

and III a paper read before the Geological Society, May and Juno. 1837. 
now publiah«d in the Geological XraoMctions, Second Series, vol. v., Ftat 3« 
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fold,. Wales, Scotland, and Ireland, — ^their true place in the aeries of 
Devonshire being intermediate between the culmlferous basin of 
Nortli Devon, and the Silurian strata,— if the latter exist in that 
county. 

The value of this suggestion was not at tlr-t appreciated; but 
after the lapse of more than a year, Mr. Luusdale's views were 
adopted (March 1859) by Messrs. 8edgwiek and Murchison*, who 
soon afterwards Implied this new arrangement not only to the groups 
of Devonshire originally under review, but with a boldness which 
does credit to their sagacity, extended it to the whole of the slaty 
and calciferons strata of Cornwall^ till tlicn known only as grau- 
wacke, clay-slate, or killas ; assigning to tiiosc strata, likewise, the 
date of the old red i^iiiidstone, and resting this determination entirely 
on the character of the fossils. This change — the greatest ever 
made at one time in the classification of our English formations—- 
was announced in a memoir read before the Geological Society in 
April 18S9t; the authors then also proposing for the whole series 
(including both the old red sandstones of Herefordshire, and the 
fossiliferous slates and limestone* of South Devon and Corn wall,) tlie 
new name of "Me jyevonian v/.v^ w." nn<l expressing their belief, 
that many oi the groups hitiiertu cuilud ^^iau>vacke, in other parts 
of the British Islands and on the continent, would ere long be re- 
served to the same geological epoch. 

The proposed alteration, therefore, will terminate the perplexity 
hitherto arising from the circumstance, that the old red sandstone of 
Werner has been frequently confounded with the rieta red sandstone 
formation of English geologists. It also explains the cause of the 
English old red sandstone having been rarely recognised on the 
continent: — for if the Devonian slates afford the normal type of 
this formation, whilst the marly sandstones and conglomerates of 
H( refordshirc are abnormal exceptions in it, we see the reason why 
their slaty continental equivalents, like the greater part of the South 
Devon slates, liave been referred to the undivided Weraeriao forma- 
tion of grauwacke. 

* It is to be observed here, that Mr. Murchisou, having previously showa 
that the fossils of the Silurian era are distinct from those of the carboni- 
ferous period, had also pointed out "the vast accumulations" (in which 
few fossils had at that time been discover(?d) " then isnown to separate the 
two systems." He mentions especially, that " the ^Aes of the old red 
sandstone— entirely distinct as to form and species— are as unlike those 
of the Silurian system, as they are to those of the overlying carboniferous 
system : '* adding, "that he has no doubt, although at present unprovided 
with geological links to connect the whole series, that such proofs will 
be hereafter discovered, and that we shall then sec in them as perfect evi- 
dence of a transition between the old red sandstone and carboniferous 
rocks, as we now trace from the Cambrian, through the Siluriim, into the 
old red system," — Sec Silurian System, p. 58.', line 22, ft set/. 

f [Abstracts of this and all the other papers referred to in this Address 
as haring been read before the Geological Society during the year preceding 
its delivery, will be found in L. & £• FhUi Mag, vol. xlv, xv. zri, and in 
the present volame^£oiT.] 
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Mr. Auatoiw In a communication relattng to the g teu ulur e of llie 
south of D( vniK has identined the calcareous slate and limestone 
of the south oi Cornwall with the limestones of this district, and c^on- 
siders that of Torbuy among the newest deposits in the latt<^r seriea. 

The Rev. D. VViiliauib ali»o has eoiuumiucated two papen> re- 
tpeoting these disputed rocU, wfaloli iw fatal to the ' rwHffiT* 
or granwaoko ^ffton, and eodeavoiuato show tliat Ibeatntaof De> 
vonshire can be dittittgiiiahed into oortaiBi grcMi^ bf <Mr KtMo» 

gical eharacters. 

Mr. De la IJeflie in his map of Devon and ('nriTv^all, puhli^hpt! 
in 18^b>, hat» adopted divisions of the strata, siujiiar to those ot Ti o- 
fessor Sedgwick and Mr. Murcliison* as to their order of t^ei^uimce ; 
applying, provisionallj, to the oabBifeiOtti voeka tlw mmbo of Ctar* 
bonaceous scries, and to the DomniaB end Coniiih aktei the eppol* 
lation of Grei/wacke, 

We know also on the authority of Mr. De la Be^ ho that tin mines 
are worked in carbonaceous rocks at Owleseoml) near Asiibnrton, 
00 the east side of the Dartmoor granite, and uu its west side ai 
Wheal Jewel near Twristook. He further Intais ve that om of 
the riohest tin mhies now worked In Cornwall* nanelj the Cheilee- 
town mine» < ast of St. Austle, is in a iMlitaMM vedt oontaMiing 
Encrinite': a id coraK and that the -jame corals occur also near tin 
mines at 8t. Jn«t : anfl in tlie neighboui hood of I Jskeard the Kev. 
D, Williams luw Ibund slates which contain vegetable impre*»«ion?», 
dipping undfur other slates which are intersected by lodes of tin an U 
omer* 

rfom these new facts, we learn that the kittaa end other slate 

rocks of Cornwall and the south of Devon do not possess the high 
antiquity uhich has till lately been imputed to them ; and tVtat tin 
oecurs, ;ls eopper, lead and silver have long been known to do, not 
only in slate rocks that contain organic remains, but even in the 
coal formation* 

Soon after the pnblioition of the vmn of MioBie, 8ed«wkk and 

Mufohisoo, a similar change was applied by Mr. GrifBth to the 
south-west portion of his geological map of Ireland. In a paper 
that aecoinpanied the presentation nf this map to ns on 2t'nd of 
May last, he states that he has now coiouied, as old red sandsiune 
and curbonil'ei'ous limestone, extensive dititrictti of the counties of 
Kerry, Cork, and Waterford, previoniljr oonddeied of higher enti* 
quity ; imputing his Ibrmer erroneoea epittloa to the identity in 
ItthMQgical character of the shales and grits of the old red sand- 
9tone and oarboniferooa syateBV> with the okier roeka in the tnuni* 
lion series. 

Mr. Griffith hai> also demonstrated by sections the uiiconlbnn- 
able position of the carboniferous and old red sandstone formations, 
which oreriie oUerand mofe highly inclined slates in the eonnHea 

of K( try. Cork, Waterfbrd, and Wscford. 

Mr. Charles William Hamilton has likewise adopted similar 

changes ; and believes that the slates which oecupv a large lepaee 
between the Mounie Mountains and Dublin are ecjuivalent to those 
near Cork, which lie now transfers to the old red sandstone* 
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Mr. Grccnf UL'h, in tlie new edition ot hia map of England, n pre- 
sents nearly tiie same bouuiiaiie^* and order of succcauon ui Devon 
and Cornwall as we find ia the maps of Mr.Debt Boohe and Mama. 
Sedgwick and Mufehiion ; but in hie aMnoir ooaneeted with tha 
mapi, adopting the name of Carbonaceous series for the coUnifa* 
rou8 rocksj hi .substitutes that of Upper ftillas for the Devonian 
SVStem of Sedgwick and Murchi^on, (including und»'r that term 
the old red sandstoni^ of Herefordshire, ) and Loiver iitUu^^ iui- the 
slates inferior to the Siiunau system, which tliey have termed Cam- 
brian. 

Mr. Greenough, in his memoir, also shows by quotations from Dr. 

MacCuUoch, that the undisputed old red sandstone of the north of 
Scothmd i xliibif-;. rst intervals, the fiinu- great changes of mineral 
character, tiiat occur m tJie titrala intermediate between the Carbo- 
iiaceoui* and Siluriau systems in the west of Eiigiaixd and on the 
borders of Wales; and justly infers the inadequacy of any one term 
to cbavaeterize formatioas which vaaj >o muoh in Uthologioal eom-> 
position, that at one pUce th^ proaent the condition of a &ie- 
graincd silky slate, at another of sandstone^ and at a thifd that of 
coarse gravel and conglomerate rock . 

Thus with respect to the .slate ru( k.-* Devon, Clornwall and 
Wales, the dilheuUie^ are reduced to iho^e oi' an unsettled nomen- 
dature; whilst nearly all partiea are in uniaon as to the fundamental 
fact of referring the ahrtea of South Devon and Cornwall to tha apoeh 
of the old red sandstone formation. The term grauwaoke, however, 
I rejoice to think, will not be rinn!! mned to the extirpation winch 
ha^ been threatened from the numcnchitnre of i;eolo£ry ; it may still 
retain its place as ajgeneric appellative, comprehending the eutire 
transition series of the school cu Frejberg, and diTisiblB into three 
great subordinate fonnationas— the Devonian syatam of Sedgwick 
and Murchison being equivalent to the upper graawachc^ tha 8U 
lurian to the middle gfaawacke^ and the CamMan ajafeani to tha 

lo%v(>r. 

In this threefohl liistribiition uf the yn-^l .>eiies of strata whicli 
have hitherto been iudibcrimiiiately designated by the commua term 

grauwaoke^ we are^ as it wero, extending the progressiva openttona 
of a general inclosure act over the great common field of gedogr; 
we propose a diviaionf founded on meaaurements, anrvm, aad the 

study of organic remains, analogous to that of the secondary strata, 
from tlie chalk downwards to tin- coal I'oiniation, established by 
William 6miLh, and tu the i»eparatiuni> uf the once inidivided ter* 
ritory of the great tertiar}' system, eifected by Cuvier and Brongniart, 
Desnoyers, Lyell, and lJ(Bshayes. 

To the uninitiated in geology* rectifications in the distribotlon 
nf strata upon so large a scale may seem calculated to shake coofl* 
dencc in all the conchisions of our science ; hut a contrari' inference 
will b(! drawn by thoi>e who know that these correctioiit» hav« ne\er 
been applied to conclusions established on the sure foundation of 
organic ramaina, but to thoae rocks only of which ^ arrangement 
had been founded on the uncertain character of mineral compo- 
sition. . 
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COAh VORMATION* 

The Sodety has received from Professor Ajuted a paper oo the 
Carboniferous and Transition Roclcs of Hofiemia, a country which 
he visited last summer, directing especial attention to the district 
between Prague, Luditz and Pilscn, which he has illustrated by sec* 
tions made from personal observation. Above the fundameslil 
granite and gneiss he found extensive deposiftB of gmwaeket <mi 
which lie^ in uneoofomiable snperpouiion, disconnecied patdi o of 
tilt' f'oal formation. The age of this coal is well known, from the 
fossil Plora of Count Sternberg, who resided in the midst of it near 
Swina, to be identical with that of tlie f;reat Coal formatiou of En* 
giaud. Mr. An:!»ted gives intoriaation also as to the action of trap 
ndLS in pcoducingdistairiNUiees of the strata in this district ; and le* 
ipeeling dislooatioiis, by whieh the graawacke is aevenl times plaeed 
on a level with the coal measures, whilst in some easea the atiata avs 
inverted and the coal measures laid bonenfli tlie grauwackc. 

We have received an interesting conununication froni Mr. Hawk- 
shaw respecting a remarkable disclosure made in the lioltoa Railway, 
six mUes north of Manchester, of five fossil trees in aposition vertical 
to the plane of tiie strata in wlneh they stand. The roots are Im- 
bedded in a soft argillaceous shale immediately under a thin bed 
of coal. Near the base of one tree, and beneath the coal, more thatt 
a bn><)iH of linrd clay nodule** Wtts found, each iuclosini; a cone of 
JjepidosLiobus vi riiil>ilis. 1 lie bark of tiie trees was converted to 
coal, from one quarter to three quartei*s of au inch thick ; tlie sub- 

stanoe which has replaced the interior of the trees ia shale; tlie dr* 
Gumference of the largest of them is 15^ feet at the Imbs;, 1\ at the 
topk and its lieight 1 1 feet One tree has spreading roots, four feet 

in circumference, solid and «tronjj. By the care of Mr. Haw ksliavr 
th(i.sc trees have becMi preserved, and a ooverin<j is erected over 
them. The attendant phaenomena &^em to show that they grew 
upon the strata that lie immediately beneath their roots'*. 

Mr. Barber Beaamont» in a oonununicatiott respeotnig these same 
trees» considers tliat no drifted plants occur in coal fidd% and that 
all the vegetables which are now converted into coal, grew upoa 
swampy islands covered witii luxuriant vegetation, which accu- 
mulated in the manner of peat bogs; that these islands, having 
suuk beneath the sea, were there covered with sand, clay and shells, 
tili they again became dry land* and that this operation was repeated 
in the formation of each bed of ooal. In denying altogether tlie pre- 
sence of drifted plants* the opinion of the anthor aeema enoaeooa; 
universal negative propositions arc in all cases dangerous, and more 
especially so in geology : that some of the trees whicii are found erect 
in the coal formation Ir.ive not been drifted, is, i think, esta- 
blished on sutiicient evidence ; but there is equal evidence to show 
that other trees, and team innomerable wliioh 'pervade ttie atraCa 
that alternate with the eeal, have been removed by water to can 

Sec the abstract of this paper in ii. & E. PbiL Mag. vol. xv. p. 539, 
and also that of a fitrther commmileatiDa frdm Mr. Uawksbaw« in tfaa 
present number,— Edit.] 
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siderable distances firom the spots on which they grew. Phx>fi} are 
daily inereasiDg In favour of both opinions : tIb. that some of the 

vegetables which forined our beds of coal grew on the identical 
banks of sand and silt and mud, which being now indurated to 
stone and shale, fnrm the strata that accon<pany thr rnnl ; whilst 
other portions ot tiicse plants ]la^ ^ l)( rn di itt* d. to vuiiou.s distances, 
from the swamps, savaiinahi*, and forests that gave them birth, par- 
ticularly those that are dispersed through the sandstones, or mixed 
wifth fishes In the shale beds. 

The cases are very few in which I have ever seen fossil trees, or 
any smaller vegetables erect and petrified in their native place. 
The Cycadites and stumps of Inrtro Coniferous trees on thr surface 
of the oolite in Portland, and tlie stems of Equisetaceuus plants 
described by Mr. Murchison in tlie inferior oolite formation near 
WhitbVt and erect plants which I have found In sandy strata of the 
latter formation near Alencon, are examples of stems and roots over* 
laid by sediment and subsequently })ctrified without removal from 
the spots in which they grew. At Balgray, three miles north of 
Glasgow, I saw in the year \b2\, as there still may be seen, an un- 
equivocal example of the stumps of several shMiis of large trees tttaiid- 
ing close together in their native place iu a 4uany of tiandstonc of 
the coal formation. 

In a paper on the sinking of the sarfoce over coal mines» Mr. Bud- 
die has shown that the depressions produced on the surface by the 
excavation of beds of coal near Ncwcii5»tle-on-Tynn arc rcgulateil by 
the depth and thickness of the coal, the nature of the strata above 
it, ami also the partial or total extraction of the beds of coal. The 
accumulation of water fonaitig (K>uds in these superticiai depressions, 
and the sinkings of a railway, have afforded accurate measures of the 
amount of the subsidences in question. 

WEALDEN AND PORTLAND FORMATIONS. 

In the north of Germany Mr.Roenier, of Hildesheim, has identified 
beneath the Cretaceous system, the Purbeck stone and beds of the 
Wealden formation, with nearly all its characteristic shells, and three 
minute spedes of Cypris. He has also found the Portland sand 
and the upper and lower Green sand and the Gault clay, in the 
north of (icrmany. He has, moreover, found the Wealden forma- 
tion near Bottingen in the High Alps. 

CHALK FORMATION. 

In extensbn of our knowledge of the Challc formation, the Rev, 
J. Gunn has sent us a short communication, accompanied by a litho- 
graph representing the columnar disposition of some Paramoudras 
to tlie heiL'ht of nuHiy feet one above another in the chalk of Norfolk. 
The hi:>tory of th e enormous uni-shaped Hints, which were first 
noticed by Professor Auckland in an early volume of our 'i ran«iactions, 
Jst series, voL Iv. p. 418. pi. 24., is still involved in much obscurity. 
Their form is most pfobably due to siliceous matter collected around 
and penetrating throughout the substance of gigantic spongiform 
bodies ; but \vc have yet to learn the reason why they are occitsion- 

PhiL Mag, &3. VoL 17. Siwkmmp No.119. Jan, 1841. 2i, 



Digitized by Google 



5 H Geoloyical Bodeiff :-^AMm€T$ary Addre»»m 

* 

aUy plaoed in iiDgk vertical rows, almost like tbej^^ 

column, flomctames neeiiy touching, but not artaealatiQg with qm 

another. 

A paper has beeu read by Mr. 11» ni v La\rp<5 Lon<^ on the occur- 
reuce ol' numerous ntbterraneous cAasma oi swaUou -hoU s in the chalk 
on the west of Famham, with observations ou the dmiiiage of the 
country near the west eitremity of the highly-indtned ridge of dnUti 
called the Hog's Back, between Guildford to Famhaob The land- 
springs immediately on the north of Farnham desoend soathvardi 
in open guUeys over tertian' strata, until tlipv nrrivf^ nt tlie narrow 
band of chalk whif li |>asses under Farnh.ini I*ai k, ^\ln;re thev are 
suddeuly engulphed in trajisverse fissun^ or shallow-holes, through 
which they pass under ground to a considerable di^uncc, and again 
break forth on the southern side of the chaUc Seven of thsie 
swallow-holes occur near Famham, from some of whi^ the watv 
emerges in sufficient force to turn a milL They are probably con- 
nected with subterranean faults and transversp t'racturr'**. thf origin 
of which coc%'al with tlic ( levation of the narrow band uf ( halt, 
which forms the Hog's Back, and which, neai* Faruham, is inciined 
at a high angle to the north. The water that now passes through 
the Faniham swallow-lioles may tend to enhuge the chasms throan 
which it takes its subterraneous course, by dissolving slowly the 
chalk of their sides in the small quantities of carbonic acid whidi 
ndn-water usually contains. 

Similar transverse fractures, on a greater seaU , lui\ i- given origin 
to the cha!»ms, which, being enlarged by denudation into trau«vtn»e 
valley's, afford outlets through the high escarpment of the chalk to 
the nven tliat, rising within the Weald, flow tfaroogh the eBoaipnsat 
of the north Downs into the valley of the Thames, and through ths 
escarpment of the south Downs into the sea, viz. to the Wey, ths 
Mole, the Darent, the Medway, and the Stotir, tliroticrh chasms in 
the north Downs; and to the Arun, the Aduz, the Ouse, and the 
Cuckmere, through chasms in the south Downs, 

Dr. Mitchell has communicated a pi^r on Artesian and other 
weUs, in the gravel and London day in Essex, showing that water 
occurs under the London clay at various depths ; the deepest at 
Foulness Island, being 160 feet. He attributes this inequality in 
part to uncvcness in the snrface of the subjacent chalk. On 
reaching tlie chalk a large vol mm- of water usually rushes up. Ar- 
t^ian wells are now general lu Ej»sex, where thev are of the greatest 
utility in districts that have no natural springs. He also gives an hn 
teresting list of localities, both of constant and intermitting springs, 
some of theni very powerful, that burst out ftou the chalk. 

Dr. Mitchell has also communicated an account of deleterioiis 
gases that occur in wells in the chalk and strata above it nr nr Lon- 
don. The most abundant of these, namely, carbonic acid ga^, i>i.uts 
very partially and only from certain strata, and produces sometimes 
effects &tal to persons employed in digeing wells. Snlphuietted 
hydrogen is oecasionaUy met with in ehatk ; and both inqihnrettcd 
hydrogen and caibuietted hydrogen occur In beda Immediately above 
tnechallk 
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8VPBRCRBTACE0US 90RMATIOV9. 

In flUistration of the history of the Eocene division of the tertiary 
strata, Mr. Bowerbank has concluded, from his personal observations 
at MHsite cliff bay in tlie Isle of Wight, that there are do weU-deflned 
zoological distinctions between the London and plastic clays, but that 
in the cliffs of this bay the same shells are common to alf rnations 
of the*»e clays with one another. At Alum bay also he; found many 
Loudon clay fossils in beds of greenish grey sand and r!ay below 
the variegated sands and clays referred by Air, Websu^r to liie pla- 
stic clay. A similar rectification was sometime ago proposed by 
Phjfessor Sedgwick. 

We have also witnessed during the past year the commencement 
of a valuable publication by Mr. Bo^^ erbank on the fossil fruits and 
•4ped<^ of t!ie London clay, illustrated with very numerous and acou* 
rate engravings by Mr. James Sowerby. 

The great attention tiie author has lung paid to the remains of fruits 
and seeds which occur in such vast abundance in the Isle of Sheppy, 
whence he has collected not less than 25,000 specimens, place him 
in a position peculiarly advantageous for the object before him* 
In this work drawings will be given of the anatomical structure of 
many of these fossils, as seen nnder the microscope. The simple ex- 
pedient Mr. Bowerbank has adopted of preserving these fruits in jars 
of water, iias kept him in tlie entire possession of every specimen 
ever placed in his collection ; whilst of the thousands of similar 
fossils that have been deposited in other colleetionsy including that 
at the British Museum, nearly all have perished from the decompo- 
sition of the iron pyrites with which they are always penetrated. 

Mr. Lyell has communicated to us a ]>a]iHr full of elaborate detail 
of facts, and of ingenious speculations respt cting the Boulder forma^ 
tion, or drill, associated with freshwater deposits, in the mud 
eliffii of Eastern Norfolk. These cliflfii are in some places 400 feet 
high, and consist of chalk, crag, freshwater deposits, drift mud and 
sand, stratified and unstratified; — with superficial accumulations 
of flint gravel. The centre of his observations is the town of Cro- 
mer; lip considers the Boulder formation to have been accumulnfod 
on land permanently submerged, and not, by one or many, transient 
advances of water over dry iand, and therefore proposes, as Mr 
Murchitoii and others have already done, to substitute the term of 
Drift for that of DUuvium, which many other writere have assigned 
to it« The Drift, or Diluvium, is of two kinds; on(; composed of 
sand, loam, clay, and gravel, all regularly stratified ; the other con- 
sisting of clay, not divided into beds, and containing boulders of 
granite, trap and othi r locks. 

Tiiib clay is kuuwii on the east and north-east coast of Scotland 
by the name of T11L He considers the stratified Drift and Till to 
be eontempovaneous fonnations, and compares the latter to moraines 
formed at the termination of glaciera. He imagines that drifted 
masses of ice, charged with earthy matter and fragments of rock, 
may have deposited the Till as they melted in stiil water, and the 

2L2 
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occa3ional iiiterculation or jiixta-positioti of ^iratiiied materials is 
ascribed to the action of currents on materlak also ftUiog from 
melting icebergs. 

Mr. Lycll refi rs tlie coraplicated beiidings and tortuous foldings 
of many beds of this formation Tiof\r "Miuulosk y and Cronior to la- 
teral pressure from drifting ico, esp* cially where e\trtiiiply con- 
torted beds repose upon undisturbed and iiorizootal strata. But be 
admits that some of them maj be due to landslips of ancient date^ 
and which had no connection with the present line of difi. At 
the bottom of the boulder formation, and immediately above the 
chalk, oxtonsivr. roniains of a buried forest occur, the stools of the 
trees being imbedded in black vt'<retable eartli. From the position 
of this forest a verticai !>uijhid<. ncc of several Imndred feet and a 
subsequent rise of tiie land to the same amount is inferred. This 
forest and a bed of lignite are connected with floviatile or lacustrine 
deposits* which occur about the level of low water l)eIow the drift ; 
but at Mundesley they are partly above it, and the freshwater slu 
which thev inclose being nearly all orBnti-^h s]>er!es, show that the y, 
as well as tlie contemporaneous drill, all belong to the newer Plio- 
cene period. 

In an Address formerlj delivered from this diair, in 183^ and 
in a subsequent edition of his ** Principles of Geology," as well as in 

his Elements," Mr. Lyell has called our attention to some diflfer* 

enccs of opinion which had bcrn expressed by ^t^vrral eminent con- 
chologists :is to the number of fossil shells of the crag of Norfolk 
and Sutiolk wIucIj could be identified with living species. So great 
was the discordance of the results at which M. Desbayes, Dr. Seci^ 
and others seemed to have arrived, that their announcement was 
calculated materially to impair our confidence in the applicability of 
the chronological test so much relied on by Mr. Lyi 11 for the clas- 
sification of tJie tf rtlary formations ; namely, that derived from the 
pn>portional nujiil»( r of recent and extinct species discoverable in 
each deposit. In tiie hope of arriving at some definite conclusion 
on this important point, Mr. Lyell visited Norfolk and Suffolli du- 
ring the last year, and having obtained a considerable collection 
from the crag near Xorwieh and Southwold, he instituted, with the 
assistance of Mr. Searles W ood and Mr. George Sower) >v, a thorough 
comparison between tlieni and recent species. The tossil shells of 
this formation, whicli the author calls the Non^ich crag, are partly 
marine, and partly freshwater, and indicate a fluvio-marine origin, 
and the proportion of living species was found to be between 50 and 
60 per cent This deposit therefore, the author refers to the older 
Pliocene period. A similar examination was then made of2f)0 species 
of sliells from the Red Crag in >rr. Wood's museum and it was found 
that G9 af^rcrd witli living species, being in the i)roportiou of about 
30 per cent. This group therefore Mr. Lycll ascribes to the Miocene 
era. A collection of 3i5 species of Coralline Crag shells in Mr. 
Wood's cabinet was then compared in liise manner, and sixty-seven 
were determined to be identical with recent species, being about 19 
percent Mr. LyeU, therefore, consideis that theConOUne Crag is also 
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Miocene, although belonging to a more remote part of that period 
than the lied Crag. iiu\ ing obtaiutiU fioni M. Dujardin a collection 
of 240 sheik from the Faluns of Touraine, he found with Mr. George 
Sowerby*8 aesislaoce that the recent shells were in the proportion of 
twenty-six per cent., so tliat he has now come rouud to the opiuion 
l()!M^' ;igo aririouiiced by M. Desuoyei-^;, that upon the whole the Crag 
of Suilolk corresponds in age with the Faluns of Touraine, both be- 
ing Miorene, aUh iugh the species in the two couutries are almost 
entirely distincl, those of England having a northern and those of 
France a sub-tropical character. I am also informed br Mr. Lyell* 
that out of 400 marine and freshwater species, from the Eocene strata 
of the London and Hampshire basins, Mr. G. Sowerby was scarcely 
able to identify two per cent, with liviitii shells. It is satisfactory 
tlirrrfore to observe that the test of ii\i,v derived from the relative 
approach to the recent Fauna is in pcrtect accordance with the in- 
dependent evidence drawn from superposition. We ascertain for 
example by superposition that the freshwater strata of the mud diffii 
of East Norfolk rest on Norwich crag, and are the newest format 
tion of all. They arc then followed in the descending series by, 1st, 
the Norwich, 2ndl\ , the lied, and 3rdly,thc Coralline Crag, beneath 
whirh is the London Clay. The same ord< r of sequence is indi- 
cated by the organic remains cousidercd independently, and simply 
with retereucc to the degree of their correspondence with the ex- 
isting Fauna. ; ^ 

It has been known for imany yean, that near Bridlington, in York* 
shire, sand and clay containing marine tertiary shells had been ex- 
posed on the coast. From an examination of the sliells collected 
there by Mr. Hean, Mr. LyeU linds the deposit to agree in age with 
the Norwich Crag. 

I cannot concTude these remarks without observing, that some 
part of the confusion and apparent inconsistency of the opinions of 
different conchologists* respecting the age of the Crag« must haye 
arisen from the intermixture of fossils derived equally from 
the Norfolk and SuHblk beds, or from strain, some of which now 
turn out to be referable to the Older Pliocene, others to the Miocene 
period. 

From an examinatioo of some fossil sli^, identical with recent 
species collected by Capt Bayfield from tiie most modem deposit 
near the Gulf of St. Lawrence, and near QuebeC) Mr. Lyell infers, 
that the climate of Canada was colder than now during the era im- 
mediately antecedent to our own times. The shells, which were de- 
termined by Dr. Beck, differ in great part from those now living 
in tliu Gull of St. Lawrence, agree more nearly with arctic genera 
and species, and resemble those which Mr.LyeU collected at Udde- 
valla, in Sweden ; whereas, if the living shdb most abundant in the 
Swedish and Canadian seas are contrasted, the^ differ almost en* 
tirely. From notes sent by Capt. Bayfield, it appears that at 
different depths in the stratified san<l and clay rnntaining the 
fossil shells, near Quebec, insulated boulders are nuuierous, which, 
it is presumed, have been brought down at distant intervals by 
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drift ice, and have dropped to the bottom of the sea as the ioe 
melted. 

WhOe Mr. LyelU by the aid of Dr. Beek's determinakioB of fo»- 
gili, had adopted these views respectiDg the dimate of Canada* Blr. 
James Smith, of Jordan HiQt had been led by independent observa- 

tinn^ to a similar r»)t)rliision respecting the f !imtit»* of Scotland 
duriug the X«'wpr I'luiccin era, arguing I'roiu the arctic cliaracter of 
the Testacea lound in the raised beds of the valley of the Clyde, and 
other localities. Id the first of two papers conununicated by thie 
anthor» he regarded all the deposita abounding in recent ihdia in 
Scotland and Ireland as belonging to one group ; but in hii second 
memoir he contends that there are two distinct fonnations on the 
Clyde, in the older of which there are from tpn to fifteen per eent. of 
extinct or unknown species of shells, whieli lie refers to the Newer 
Pliocene system of Lyeli ; whereas all the species found in the 
newer, whieh he calls Post-tertianr, exist also in the present seas. 
During this Post4ertiai7 period, wnich is considered to have been 
anterior to the human epoch, an elevation of at least forty feet 
took place on the shores of the Clyde. Mr. Smith affirm? that the 
Uill, or unstratified accumulation of clay and boulders, belongs not 
to the Post-tertiary, but to the older Pliocene division. 

lONBOUa ROCKS. 

The principal commnnicatifHi we hiw received on rocks of igne- 
ous origin has been from our Secretar}% Mr. W. I. Hamilton, who Las 
read an interesting paper on the north-we'^t ]»nrt nf A^h\ Minor, from 
the Peninsula of Cyzicus to Koola, witli a ih s( nption ot the Kata- 
kekaumenc. Between Cyzicus and KuoIh tiie priucipal stratified 
rocks are schist, with saccharine marble, compact limestone reoem- 
Ming the scaglia of Italy and Greece^ tertiaiy sandstones, and teitiary 
limestones. The igneous rooks are granite, peperite, trachyte and 
basalt. The tertiary limestones are referrod to the great lacustrine 
formation which occupies so lai^e a part of Asia Minor. Hot 
springs burst forth near Singerli from a porphyritic trap rock. Tlie 
Katakekaumenc is a volcaoic r^ion, extending about seven mil^ 
from north to sooth, and from eighteen to nineteen east and west. It 
prs se nts two systenn of volcanic craters and coulees : the older of 
them are placed on parallel ridges of gneiss and mica slate, and the 
newer in the intrrvcniiig valleys ; hence he argues, that when the 
latter eruptiou* tt>ok }>lHce, the lines of least resistance to subter- 
raneous expansion were m the valleys. The streams of lava from 
the more recent cones are bare and rugged, like the coulles in een- 
tral France, lliree periods of eruption are traced: the lint, ha- 
ving produced basalt, which caps the plains of white limestone, and 
was ejected before the formation of the valleys; the second, nuirked 
by currents of lava from the more ancient system of vokaiios iu 
action since the ioruiation of the valleys ; the third resembling the 
ootd^es of Etna and Vesuvius, and mentioned by Strabo, but of 
whieh there is no historioal tradition as to the period when thej 
were in aetivily. 
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Wc have a notice by the Kev. W. Ciarkc of a shower of ashes 
that fell on board the Roxburgh oil the Cape de Verd islands in 
February, 1839, the cause of which was not apparent. The sails 
were covered with a fine powder, reeembUn^ the ashes of Yesaviiu^ 
whidi was probably deriirad from an emption in Che Cape de Verd 
group* 

PALAOKTOL06T. 

In the department of Palmontology Prof. Owen has, during the 
past year, contributed many papers, with his usual seal and ability, 
to the daddation of this most essential and perhaps most generalff 
interesting branch of our subject. At the head of these we must 
place his tlotrrmination of a tooth and part of a jaw of fi fossil mon- 
key, of the genus macaenx, with part of the jaw of an opossunu and 
the tooth of a bat, in Eocene strata of the English tertiary forma- 
tion. ThM remains wero fonnd at Kingpton* near Woodbili^ In 
Suffolk, by Mr. Colehesler, in strata which Mr. Lyell has referred 
to the London clay ; thus proving the existence of quadrumanous, 
marsupial, and cheiropterous animals in this country during the 
Eocene period. We hnvf now evidriu (» of fossil Quadruniana in 
the tertiary formations, not only of India and Brazil, but also of 
France and England ; respecting which Mr. Owen has observed, 
that they appear under four of the existing modifications of tiie 
quadrumanous type : viz. the tailless ape (^Hylcbatea)^ found fossil in 
the South of France ; the gentle vegetable-feeding SemtwpithectiSf 
found fossil in India; the more petulant anr! nnmivorous Marftrys^ 
found in Norfolk ; and the platyrrhine CailiUuUy found in Brazil. 
This genus is }>eculiar to America, and its extinct species is of 
more than double the statute of any that exists at the present day 
This geographical distribution of (£iadrumana adds further weight 
to the arguments derived from the tropical aspect of vegetable re- 
mains that abound in the London clay at Sheppy, showinc: that 
great hpat prevailed in the European part of the world, as weil as 
in India and South America, dm uig the Eocene period. 

The probability of high temperaturo is iVirther corrobontad by 
Mr. Owen's recent recognition of four petrified portions of a large 
serpent {Paietopki» 7bliapfaw)> eleven feet long, and in several 
points resemblinir ^ f>r |>ytho?i : and nlso of a bin! allied to 
the vultures (Lit/wru>s nilturuius), all troni the London clay of 
the Isle of Sheppy ; wherein the occurrence of fossil Crocodilians 
and Testudinata, and of fossil fruits, having a tropical aspect, allied 
to cocoa-nuts and many other fruits of palaas, has been long known. 
Can we account for these curious facts without supposing that at 
the Eocene period of the tertiary epoch, the verj' clay on which 
Londo!! now stands was in the condition of a nascent j^piec-island, 
its shores covered witli basking reptiles, and the adjacent lands 
waving with cardomums and palms, and thuias and cypresses, witli 
monkeys vaulting and gamboling upon their branches^ and gigantic 
serpents entwined around their trunks; the seas also swarming with 
sting-n^ys and saw*fishei» with chinueias and enormous aharka? lor 
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all these together with t'ouiitlf^NS shells of poarlv nautili occur among 
the fossil remaius of the imjiicrouii extinct i>pecie;i of fishes, whicli, 
durii^ the early ages of tlic tertiary period, crowded the tepid sam 
of our DOW humid and ciiilliDg cUmatew 

Mr. Owen has also determined the character of a new geona of 
Paoliydermatons animal {Hifracotherium) intermediate between the 
Hyrax, ho<:. and Chreropotamus, found in theLondOD cUjf atHerne 
Bay, near Margate, by Mr. Hiehardsoa. 

Mr. Lyell iiaving hubuiitted to Mr. Owen some fossil teeth fruiu 
the Red Crag of Newbourne in Sollblk, tfae^ proved to be refers 
rlb](! tu the leopard, bear, hog, and a huge kind of deer, and afford 
the tirst example of mammalian remains being found in Englatid 
in any of those divisions of tire Crag which Mr. Lyell, in a paper 
already allmbMl to, has asci iln d to the Miocene jieriod ; these <je- 
nera are kuuwn to occur in the Miocene formations of Fraucc aud 
Garmany. The numerous Mammalia in the flavio-inarine enig of 
Norwich, are decidedly of a hiter date \ among theae Mr. Lyell 
enumerates the teeth and jaw of Mastodon kmgbrosiris,^ tusk of an 
elephant with serpulnn attached, and bones of a horse, hog, and field- 
monse ; there occur bones of birds, many fishes, and oumerouasliciiay 
partly marine, and partly freshwater and terrestrial. 

The recent di!»covenes in iira^il by Dr. Lund of extinct Mam- 
maUa, that probably lived in aome late portion of the tertiaiy 
epoefaa, form a new and important chapter in Palaontologj* The 
largest of these are relSerrible to more gigantic forms than at present 
exist of families now peculiar t«> Sontli America — c. g. to Sloths 
and Armadillos ; just as most of the fossil mainuinli.i of New Holland 
belong to families and genera which arestiU peculiar to tliai country.* 
In a paper on one of theae animals ftfm fiiienoa Ayres, Mr. Owen 
baa aiiown that the bony aruHnuv wfaidi aeveral antbofa have referred 
to the Mt l: ifiierium, belongs to the Glyptodon, an animal allied to 
the Arnuidillo, an<l of which a head containing teeth, and attached 
to n tessellated 1h»tiv covering of the body and tail, resenibling 
those of an Arma<lillo, has be<'n lately found near Buenos Ayres, 
and is figured by bir Woodbine Taribh in hifi interesting work on 
thai conntiy, 1888. 

The Glyptodon differed from the Megatherium in the structure 
and number of the teeth, and from all known Armadillos in the 
form of the lower jaw, and the presence of a long process descend- 
ing from the zygoma; and approached in both these rcsjiects to tho 
Megatherium. The teeth differ from thos^e of Armadillos, in ha- 
ving two deep groovea both on tiw outer and inner anrfaee^ aro more 
complex than Uioae of any known Edentate, and indicate n pamage 
from that family into the ToKodon. The nngneal phalai^es arc 
wholly unlike those of the Megatherium, and most nearly resemble 
those of Dasypus, but :irf^ short broad and Hat, and seem to have 
been covered with iniul-iil^e claws. The form of the foot most 
utaiiy resembled that of the fore foot of the Mole. Having ap- 

On this subject see L. & Phil. Mag. vol. x. p. 405 ; vol. u, p. 
908; wd. lU. p. Sld^Emt.] 



Digitized by Google 



621 



propriated to the Glyj^todon the Armour supposed to bdong to 
the Megatherium* Mr. Owen next proves that the latter animal was 

unpro\'ided with any such bony covering, arguing from a eompari- 
son of its vertebral cohiinn and p^lvi^> with that of the Annadillo ; 
and from the absence of tlie oblique jjrocesses, which in the iori- 
cated Edentata resemble as to form and use the tie-bearers in 
carpentry, that support the weight of a roof. The vertebral con- 
ditions of the Megatherium are nearer to those of the Sloths and 
Ant-eaters. W& have accounts of twelve skeleto ns of Megatherium, 
not one of which was found to be accompanied by bony annour. 
Cuvier considered the Me^athfriuiii n)orr> nearly allied to the Ant- 
eaters and Sloth?! than to the Arniaciilln.s. 

Captam Martin has found that many parts of the bottom of the 
English Channd and Gmnan Ocean contain in deep water the 
bones and tusks of Elephants. They have been dredged up be* 
twcen Boulogne and Duugeness, in the mid-sea between Dover and 
CalaiS) and at the back of tiie Gocxlwin Sands ; also mid way between 
Yarmouth and the coast of Holland. In 1837 a fishfnimn enclo- 
sed in his net a vast njass of bomis l>ot\voen the two siioals called 
V^arn and iiidge, that form a line of ::ubmariue chalk-hiUs between 
Dover and Calais. Captain Martin says these bones do not ocour 
on the top of banks or shoali^ but in de^ hdlows or marine valleys* 
Sir John Trevelyan possesses the molars of a large Elephant from 
gravel in the hvd of the Severn, near Watchot, and we have long 
koow-n that tlic> bones of Elephant occuT in great abundance in the 
oysttT grounds off' Yarmuutlu 

In subterranean Ornithology tiuce luipoitanL diacoveries have been 
made during the past year; the first in the Eocene formation by 
Professor Owen, who has recognised the fossil Vulture before alluded 
to in the London clay of Sheppy ; the second, by Lord Cole and 
Sir P. Egerton, who have acquired from the chalk of Kent the hu- 
merus of a bird most like that of an Albatross, but of larger and 
longer dimensions ; the third by Professor Agassiz, wht> hay found 
in Switzerland a nearly entire skeleton of a smaU bird (not unlike 
a Swallow), at Glaris» in the indurated blue slate beds of the lower 
region of Uie chalk formation. We know that the bones of a Wader, 
larger than a Heron, have been found by Mr. Mantell in the Weal- 
den formation of Tilgate Forest; and that the Ornithk hnites in the 
New I^'il Sandstone of Connecticut have been rei'crred to seven 
species of birds. 

We have an interesting accession to our knowledge of the ana- 
tomy of the Ichthyosaurus in Mr. Owen's description of the hinder fin 
of an Ichthyosaurus communis^ discovered at Barrow-on-Soar by 
Sir Philip Egerton; this fin distinctly exhibits on its posterior margin 
the rctnru!i< of cartilaginons rays tliat bifureate as they approach 
the edge ot the fin. showing in this re<peet a new a})proxiniatIon to 
the fin of a iish, and more fully justifying tlie propriety of tlie name 
Ichthyosaurus. Traces are also preserved of scutiform compart- 
ments on the integument of the fin. It is singular that this struc- 
ture should never have been observed in any of the numerous spe- 
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cimens from Dorset and Somerset that have come under our notice ; 
whilst at Barrow-on-Soar, from whence the paddle in question was 
even the fllires of the skin and iblds of the epidenutt are 
sometimes accuratdj retained*^ 

Mr. Owen's first part of his report on fossil Saurians, read at the 
Briti^'h Association at Birmingham in August last, forms the coni- 
meucement of a most important addition to the history of oxtiiK t 
reptiles. His recent investigations in Odontography have abo auj>- 
idied to the geolo^ a new and most eflleiettt inatmment of inve^ti- 
gstioDy enabnng him to distinguish genera of extinct animds by the 
microscopic structure of their teeth; and as>of all fossil remain>i, the 
tooth arc tlic jiarts most ix^rPootly prP5i!orved, and in the ease of cartila- 
ginous fishes} tlie teeth and spines are generally the only parts that 
have escaped decomposition, this method assmucs an especial im- 
portance in fossil Ichthyology, as affording exact characteristics 
of animals long swept from the surface of the earth, and whose Teiy 
bones have been obliterated from among the fossil witnesses of the 
early conditions of life upon our planet. By this microscopie test 
applied to the family of Sharks, Mr. Owen hns confinnod the views 
of Agassiz respecting the affinities between the living Cestracion and 
the extinct genera Acrodus, Ptychodus, Psammodus, Ilybodus, Co- 
chliodos ; in the case of animals also of the higher oroeiB, he has 
settled the much-dispated places of several extinct gigantic Mam- 
malia by the same unerring test. Thus he has shown the supposed 
reptile Basilosaurus to be a Cctaceou*? mammifer, allied to the Du- 
gong ; the Megatherium to be, as Cuvier had considered it, more 
nearly allied to the Sloth than to the Armadillo; and the Sauro- 
ceplialus to be, as Agassis ]iad snnnosed it, an osseous fish. 

Dr. Malcolmson, in amemoir on the Old Red Sandstoaeof the north 
of Scotland, has done Important service in showing that the rocks 
composing that group are divided into three formations, the two 
lower of which are clearly distingtiished from each other by their 
fossil tishes. The cornstone or central formation is charged with 
numerous remains of Ichthyolites, including Holoptychm noftiiiS" 
tmm, a new species of Cephalaspis, and oUier forms not yet de- 
scribed. The lower division, consisting in this region of eonglome* 
. rates, shales and sandstone, is characterized by the genera Diptems, 
Diplopteni*. Cheiracanthus, &c., of Agassi/, as well n«? bv the 
oeeurrenf o oi a singular Ichthyolite, \vhi( h s( nns to otier close 
analogies tu certain forms of Crustacea. By help of these Ich- 
thyolites, the anthor has been enabled to connect certain strata of 
Orkney and Caithness, and determine their lelatiotts to the beda of 
Old Red Sandstone contmning fossil fislies in the basin of tiie Tay, 
and in the border counties of England and Wales^ where they had 
been described l)y Mr. Mnrchison. 

Mr. Willianisou, in a notice on the fossil lishes of the coal-fields 
of York and Lancaster, says that these coal measures are very rich 
in Ichthyolites, which abound so much at MIddleton leoUicry, near 
Leeds, that the workmen have given to one bed the name of fish 
* Sse Bttckhmd's Brl^water IVsatise, PL 10. 
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coal ; they are usually in fine bituminous shale above and below the 
coal, and most frequent in the roof immediately above it, where, as 
at Burdie House, near Ediuburgh, there is a thin seam of coprolitic 
nutter ; they m rarely miaed with any great qoantity of vegetable 
renaine. In 1h» lower measarei of Lancashire they are anodated 
with Goniatites and Pectens, and in the higher measures of Lan- 
cashire and Yorlo^hirf ^vith freshwater shells allied to Unio, and with 
Entomostraca. l^xaot observations as to farts f)f this kind ai c of 
inestimable iniportauce, for it is only by eareiui induction iVom 
a buthcieut number of such-like pha^uomena, and from similar de- 
teihi M to the local dfetrihation and condition of animal and vege- 
table remains in the marine and fluTio-marine and lacustrine depo- 
dts which compoie die carboniferous series, that we shall aniTe at 
a solution of the grand problem of the formation of ooal. 

CRIfSTACBANS. 

The Rev. T. B. Brodie has discovered in the Wealden formation 
near Dinton, in the vale of VVardour, the remains of Coleopterous 
and Hymenoptenms Insects, and a new genus ot iMcpo^bmCnukum 
in the Ihmfly Cymothoidss* The Isopods are clustered densely to- 
gether ; the lenses in their eyes are sometimes preserved ; there are 
also traces of legs, but of no antenriR'. With them lif lias f(mnd a 
large speeir^ of Cypris. TTie inse r ts arc chiefly small Coleoptera; 
there are eral sj>t cies of Dipteioui*, and one Homopterous insect, 
and the wing of a Libellula. Mr. Brodie s discovery is the hrst yet 
made of insects in the WeaMen fomiation» and also the first eaounple, 
in 'a secondary formation, of Isopods that approximate in form to 
the Trilobites of the Transition series. 

WORMS. 

An addition has been made to fossil Ilelnunthoiogy by Mr. Atkin- 
son of Neweaatle-on-Tyne, who has found In slabs of micaceous slaty 
•andstooe^ ftom the carbonaceous series near Haltwhutle^ tortuous 
casts of Yennifonn bodies of various sizes, some almost an inch in 
diameter, and several feet in length ; the surface of many of these 
is thickly marked by trajisvrrse rings and a longitudinal groove, 
similar to those in the largest reront marine sand worms, e.g. the 
Lxmiicc yiyuiUea, The iiitegument of some of these wonns con- 
taining cAitine, lUie the cofering of insects, seems to have endured 
long enough to fix impressions of the transverse rings upon the 
sand ; and the habit of swallowing large quantities of earth and 
sand, which we observe in many recent worms, may explain the 
presence of the large portion of sand, now indnrati d to stone, which 
occupit >^ tlir iTiterior of the impression of the skiti. Since many casts 
are found upon the same slab, these worms must have been very 
numerous at the bottom of the sea, when the sandstone was in pro- 
cess of formation. Similar impressions of Annelids on the Cam- 
brian rocks are figured by Mr. Mnrchison in PI. 27 of his great 
work on the Silunan System. 
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ICHNOLOOT. 

Aliout twflve years atro AvitTK'?Jsed the creation of a new de- 
parfnieiit in geological invthiigaliuiis, viz. the science of Iclir)ology, 
tuuiidcd on the evidence of i'ooUiteuti made by tlie feet ul auiuiaL» 
upon the ancient strata of the earth ; thb neir method conunenoed 
with the recognition of the footmarks of reptiles on the New Red 
Sandstone near Dumfries, and not long aiier (1834^) was followed 
by most curious and iHiox]>orr<'d discoveries in Saxony and Ame- 
rica. The Chirothcriuiu oi llcssberg and Ornitliichiiitcs of Con- 
necticut were among lU early results. Our own country has during 
the last two years been abundantly productive of similar appearances 
in many localities. 

In recent excavations for making a dock at Pf^bray, near 
Llanelly, in Penibroki-sliiro, tracks of ilecr and of large oxen have 
been foujid on clay subjacent to a bed of peat, the lower peat being 
moulded into the footsteps ; similar impretk^iuuti were also found upon 
the upper surface of the peat beueatli a bed of silt, and bones both of 
deer and oxen in the peat itself. * Footmarks of deer have been also 
noticed in Mr. Talbot's excavations for a harbour near Margam bur- 
rows on the east of Neath. 

Near Liverpool Mr. Cunningham h:\H successfully continued hia 
researches betjun in 1838, respecting the lootstcps of CJurotlierlum 
and other aummls in the New Red Sandstone at Sioretua iiiii, uii 
the west side of the Mersey. These footsteps occur on five con- 
sectttlve beds of clay in the same quarry, the clay beds are very 
thin, and having received the impressions of the feet» afforded a 
Keries of moulds in which casts were taken by the succeeding depo- 
sits of Hand, now converted into sandstone. The casts of the feet 
are salient iu high relief on the lower surfaces of the beds of j^nd- 
stone, giving exact models of the feet and toes and claws of these 
mysterious animals, of which scarcely a single bone or tooth has 
yet been founct, although we are assured by the evidence before us 
of the certainty of their e.xistence at the time when the New Red 
Sandstone was in process of deposition. 

Further discoveries of the footsteps of Cliirotherium and five or 
six smaller reptiles iu the New Uud Sandstone of Ch^hire, War- 
wickshire and Salop, have been brought before us by Sir 3Eger- 
ton, Mr. I. Taylor, jun^ Mr. Strickland, and Dr. Ward. 

Mr. Cunningham, in a sequel to his paper on the footmarks at 
Storeton, has described impressions on the same slabs \\ ith them, 
derived from drops of min that fell upon thin laminie of clay inter- 
poseii between the beds of sand. The clay impressed with these 
prints of rain drops acted as a mould, which transferred the form of 
every drop to the lower surface of ike next bed of sand deposited 
upon it, so that entire surfaces of several strata in the same quarry 
are respectively covered with moulds and casts of dro|» of rain that 
fell whilst these strata were in process of f<»rraation. 

On the surface of one stratum at Storeton, impressed •with large 
footmaikd ui a Chirotherium, the depth of the holes formed by the 
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rain drops on ditierent parts of the same footstep has varied with the 
unequal amount of pressure on the clay and sand, by the salient 
endiioM and retiri^ holtowi of tlie orMftafe'i ibot; and firm the 
eomtenejr of this phflemiiiiaioii upon an entire series of footmarks 

in a long continuous track, we know that this rain fell after the 
animal hnd passed. The equable size of the cfi^tn of large drops 
that cover the entire surface ot the slab, except in the parts im- 
pressed by the cushions oi' the feet, record the falling of a siiuwer of 
Deavy drops on the day in which this huge amnm had marched 
along the aneient strand; hemispherical impressionfl of small drops* 
upon another stratum, show it to have been exposed to only a 
^irinkling of gentle rain that fell at a moment of calm. 

In one small slab of \ew Red Snnrlstone found by Dr. Ward near 
Shrewsburj', we have a conibinatu ii ot jiroofs as to meteoric, hydro- 
static, and locomotive phseuoniena, which occurred at a time incal- 
colablv remote, in the atmosphere, the water, and the movements of 
animals, and fVom which we infer witii the certainty of cumulaliTe dr* 
cumstantial evidence, the direction of the wind, the depth and conne 
of the water, and the quarter towards which the animals were 
passing ; the latt^T is indicated by the direction of the footsteps which 
form their tracks ; thr size and curvatures of tlie ripple-marks on 
the sand, now converted to sandstone, show the depth and directiuu 
of the enrrent ; the oblique fanprassioiis of the ndn drops register 
the point from which the wind was blowing, at or about the tune 
when the animals were passing. 

Demonstrations founded solely upon this kind of circumstantial 
evidence were duly appreciated, and are well exemplified, by the 
acute author of the story of Zadic; ; who from marks he had notieed 
on the sand, of its long ears, and lcatii,und tali, aiid I'rum irregular im- 
Dreasions of the feet, dedared the sise and lei, recent parturitioti and 
tameness of a bitch he had never seen ; and who from the sweeping of 
tiie sand, and marks of horse-shoe nails, and a streak of silver on a 
pebble that lay at the bottom of a single footstep, and of gold upon 
a rock against which tlie animal had struck its bridle, inferred that 
a horse, of whose existence he had no other evide?)ee, had n < « iitly 
passed along the shore, having a long switch tail, aiid shud with 
sOver, with one nail wanting upon one shoe, and having a bridle 
studded with gold of twenty carats value. 

In addition to the commencement of Mr. Bowerbank's publication 
on the Fossil Fruits and Seeds of the London Clay, before alluded 
to, we have hailed with satisfaction the announcement, by Professor 
Henslow and Mr. IlnttoT). of their intended continuation of the 
Fossil Flora of Great Uritaiii, e»Hi(lucted for sonic years by Dr. 
Lindlcy and Mr. Hutton, and lately suspended. 

A EKctionary of the terms and language of geology has long been 
a desideratum to young students, to whose early progress the toch- 
iiieal terms of the science have hitherto presented formidable im- 
pediments. This want has been recently supplied by two publica- 
tions of this kind, one by Mr. George \\ oln rts, author of the History 
of Lyme Uegi^i ^ the other by Dr. Humble.^ 
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During tibe last year Hbe Sodety hat iMdved no «onnuiaMtioB 
on Mineralogy ; and almoat the only volume that haa been pabBahed 

in England on this much-neglected subject, has been a small but 
highly elaborate treatise on Cry'stallogranhy by Professor Milkr, of 
the lJnivRr>«ity of (^nmhridj^e. In tiiis trcatwe the author has adopted 
the cryj'tailugraphic noUition proposed by Profes^sor \Vh( wi ll in his 
paper on a General Method of calculating the Angles ul Crvsuds, 
and the lawa aocording to whioh they are formed, puUlahed m the 
Tnoaactioot of the Royal Society of London, 1825 ; and Vroitmut 
Naumann*8 method of indicating the poaitiona of the faces of a cry^* 
stal by the points in vvliich radii, drawn perpendicular to the faces, 
meet the surface of ;i sjjIm re. The expressions whic h have been 
thus obtained are remarkable for their syuimetry aud »iinplicity, ami 
are all adapted to logarithmic computation, aud ibr the mo&t part 
new. 



HOTICB or OlOtAaiD MBMBBBS. 

la proceeding to speak of the losses vvliich, during tlie past year 
our acience haa anatained by death, I ahall offer my fint tribute of 
respect to the memory of one, whom a predecessor of mine m thia 
chair has justly called the father of English geology ; since to his 

discoveries we owe the first difTusiini of exact knowledge as to the 
order of superposition of tiie secondary formations which occupy so 
large a portion of our island, aud the first deaionstratiou of that 
eoufitaucy of tlie orgaitic remains, which he proved to be cha- 
lacteristlc of the component strata of each different formation. It 
was the especial merit of Mr. William Smith to establish a aeriea 
of types of these groups^ man^ of which have been, adopted as 
classical, in such a manner as will per|)etuate bia nimc 
original discoverers of the age in which he lived. 

If, as it has been truly said, the honour ul Llie first discoveriei in 
tertiary geology belong to France^ where the labours of Cuviur aud 
Brongntart gave to this great division of the strata of the earth a 
systematic arrangement before unknown, so the establishment of 
the types in secondary geology, from the challL down to the new 
red sandstone, is due to Engbntl ; and the discovery of the leading 
natural divisions of that iraporianl |)ur[ioii of theui •«hich consti- 
tutes tlie oolite toruiations^ was almost exclusively the work of Mr« 
William Smith. 

His eariiest publication was a treatiae on irrigatioii, 180^ a siib> 
ject on wliich liis experiments gained him a me£l fitom the Sode^ 

of Arts. 

In 1801 he printed proposals for publishinp nccurate delineations 
and descriptions of the natural order of the \ arious strata that are 
found in different parts of England and \\ ales, to be illustratt^ by 
a suiall geological map*. This work was never completed, but it led 
to the publication of hb large map, in 1815, for which the Society 

* Ths orixinal coloured copy of this map, dated 1801, was presented 
by Mr. Smith to our Society, and is now in l^e llassom. 
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MBe year abo his stratigraphioal tfiollfttion of wganic remains was 

purchased for the British Museum ; this coUectinn having formed 
the basis of his two separate toIuiucs, entitled '* Strata identified 
by their Organised Fossils," 181^ and a btratigraphical bystem of 
Onsaiiised Fossib/' 4to, lb 17* 

During the six jmn vhioh fbllowed Um poUiootioii of hk mp 
of Eagliuidt ho p«it i^Mrtli twooty geologiool bm]* of Snglitb ooon- 
tMO on a larger scale, and tereral coloured sections across the south 
of England, and a geneml Geologiool Sootkn of ^^gH**^ and 
Wales, from London to Sfii)wdon. 

Among his unpubii»iied papers were found unhuislied and in 
part printed, an introdiictonf work oo 9aokigy» and preparatioQa 
Or a voloBM OB CEooaomio Goology* both iUiMtratuig tho otigiaal- 
Ity of his Timn. 

Mr. William Smith entered on the firld of his Imnourable ex- 
ertions as a Civil Engineer and Mineral Suneyor ;tt a tutjp when 
his labours in geology were but little appreciated, and almost solitary. 
Amidst ddticultieii and ditKH>uragemeutj», and aX intervals snatched 
ftoB the doliei of a kboriou notekm* ho aeoompliihed tho gi- 
gMtiO iPOrk of a genenl iBinOMlogical survey of England, founded 
almost ^tirely on his own personal obserN ation:^, which he ulti- 
mately recorded in a map of fiftoeii ookwrod^ fl hoflto, pabliibod by 
subseription lu In] 5. 

Inevitable delays retarded the appearance of this work nearly to 
tho tiine itai omoio Maiiod and porftet nap, by a diiluigiuihed 
praddent of thia Soeiaty, ooUpsed in some degree the fame whieh 
woeld have accrued to its author had it been puUkbed oailiart 
even in the less perfect form to wliich he had advanced it some 
years before. The sense entertaine<l by this Society of the value 
of the scientific services of Mr. Smitii, \s a& marked by their award 
to him of their first WoUaaton Medal, in 1831 ; and was accom^ 
panied by the just and eloqaeiit oologiBm prooooaood od th«t oo* 
casion by JProfessor Sedgwick. In Um aame year abo tho Biitiah 
Association a^embled at York made successful application to go- 
vernment for a peni^ioTi, w hieii was ^settled upon Mr. Smith for life ; 
ami at tlie meeting ot this Association at Dublin, lH'S5t the Univer* 
sity conferred ou liim the honorary degree of Doctor of Civil Law. 

Mr* Sfluth vaa one of tboao venarkable penoBi whoai atroog 
Batoial Mmo aod acnte powaia of obser\ ation occasionally enaUo 
to triua|di over the disadvantages of a defective eduoatioii* Hla 
attention was first called to physical inqulrif"^, by the observing, when 
a boy, that a large stoiie which he was liltuig uihlor water in sfarch 
of eeU, could be moved with much more ease, tiiaii if the u&me 
itODe bad been on land. Hia jUTenile curiosity was excited to learn 
tho oauao of an oeoBrraaoo ao surprising to him ; and thii iliit 
atep lod ham, at the age of eighteen, to enter the profMoB of a 
surveyor and el\il engineer. His early professional occupations 
from th<' v<':ir 1791 to 1799, whilst surveying collieries, constructing 
a part of the bouicrset coal canal near Bath, and preparing repojta 
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fwpeetiiig a nirahr of water for the Kernel and Atoh Oinaly aai 
the trade it was likely to derive from carriage of »Umc and eoal, 
&c., placed him in daily contact with jj^^ologieal phaenomena espe- 
cially prtlnilated to illustrate tbf onler ot superposition of the ivn gl t^t 
strata, and laid the fouudatiuii ui hla future diticoveries. 

Bf oaiefaUy iMittDg the ehamoten of the hede ivWeh he foodl 
in juxtapoeitioii, and making compaiative teelieM hi TMion ditee* 
tkm la the viohiity of Beth» he afeertaiiu d tfaatan vnifbim onler 
of succession pen'adcs the i,'ronpsexpf)sr(l in the escarpments of the 
hills in that part oi" England, and that this uniformity lutt iided 
by a similarity in the organic remains of certain beds, which dilfer 
entirely from those of ^e groups above and below iliem ; by dili> 
gently eotteotug and eoUating theee Niiiehis» he drcv the faMvaee, 
that each gfenp of atrata oootains esdmieous foMils peculiar to itself. 

His next step was to infer that tlie strata thus identified by himself 
in Sotnerset and Wiltshire were not of iri'itdated and loe?il oecur- 
rencc, but formed parts of tlie great sy:,tt m ol ilrposit- i xmnlmt? 
over Englaud; and thu^, aft4:tr mauy yeai-s ot intense labour uiiU 
oontiimel tiavel, he eeeeeecled la eoElendiBg the pftaeiplea tet 
oanght nghl of in the neighbouihood of Be4h, into thai phfiOBO- 
pliical ^eneraUtttioit whieh beoame the harie of fab geological wmp 

of I'vngland. 

IJefore Mr. Smith had quitted his oeeujiation^ in Somerset and 
his residence at Batht he indicated uu a coloured map the geologi- 
cal structure of that neighbourhood. This document, dated 1799» 
fe In the maeeam of oar Soeiety. He had ahM> amniged fall ool- 
leedofui of rocks and their oi^geaic remains In the order of mooan* 
bIob and ccmtinuity of the several strata; but neglecting to ap- 
propriate to himself the merit of these discoveries by immediate 
puliUeation, he liberally imparted a knowledge of each. a< it gra- 
dually arose, to his private I'ricnds, througli whose oral comniuui- 

oatioat fhey obtauied eaeh general earNocy, that tfaeir fmI aoAer 
wee lirequently loel Mght of or nnhnown. 1 wu mfn^ indefaleii to 

Mr. Smith, though at that time a stranger to me, for my first know- 
ledge of the order of succession in the oolitic series. This I derived 
from information imparted to me by the late Rev. B. Richardson of 
Farley Castle, who had himself acquired it from Mr. Smith. A ta- 
bular view of the superposition of the Eugli^h strata, written by Mr. 
Riehanfaon, ftem the dntiKtion of Snrith fat I799»at the hoow of the 
Rev. Joseph Townaendy hi Bath, and sinee abo presented to this So- 
ciety, forms a documentary proof of the extent of hie diaeoveriea be- 
fore the conclusion of the last century. 

I?i 1817 he planned the beautiful museum of Scarborough, in 
which he employe«l his original and instructive method of repre- i 
seating, by sloping shelfes jmssing one beneath another, die indmed 
position of the strata ; eaeh shdf bearing the ibssfls that are re* 
speolifely characteristic of the stratum it is intended to represent. 

These works of William Smith undoubtedly place him in the ' 
position of an original discoverer, who was the first to estnblisli, 

on an eniai^ed basis of evidence, the important facts of cou^tancy j 
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io the order of superposition, and continuity in the horizontal ex- 
tension of the strata of this island ; and to prove that each of these 
strata is characterized by organic remains pi < filinr to it'^rlf. But it 
must not be forgotten, that buth in this country and un the conti- 
nent, other investigators, many of them no doobt anknown to bini, 
were sim^taneously coUeeting similar evideDce in support of this 
great physical generalization. It only enhances the value and con- 
firms the accuracy of Mr. Smith's conchisions, tliat the results of 
other independent inquiries m ere found to be in perfect liarmony 
with his own. It is known to all who aro acquainted with the 
producLxoua of the school of Freyberg, that Werner liad pointed 
out the importance of petriiiicCions as aflbrdtng a basts for the ar- 
rangement of geological fonnations> the same in principle, though 
con^rmed by less extensive details, titan those which Mr* Smith 
elicited from the oolitic series in England. Profe^'sor Jn pic>;on4ia8 
exprf*<«ly stated that Werner wan aware that pctri tactions are com- 
paratively rare in the transition rocks, increasing in number in the 
newer seri^ of that division, and becoming still more numerous 
in the Fleets formations; be had further remarked* that the animals 
of the earliest periods are of the lowest and most imperfect dam, 
namely zoophytes; that in ascending through newer and newer 
formations, we meet with shells and fishe-^ and marine plants, all 
ditierent from any living nnimals and vegetables of the present 
earth ; that in the newe/it iurmutions we find the remain:> of existing 
genera with those of land animals and land phints. 

Werner had abo noted, in some detail* the order of succession of 
the strata of the Muschel-kalk of Ctermany, founding his divbions 
upon the changes he observed in thf yu tri factions it contains; and 
thus announcing tlio principk* of making distinctions in strata 
upon the nature of their organic remains. 

The same principle had been previously caught sight of and par- 
tiaUv eUbonited by Lehman in Germany, and by other observers 
in France, where its application to tertiary strata received the fullest 
demonstration, in the great discoveries of Cuvier and Brongniart 
within the basin of Paris. In our just admiration of our country- 
man, therefore, we must not In-i -)uht of tlie merits of hi-* contem- 
porary labourei's on the couiiiient; and whlLt we honour inm as 
the father of English Geology, let us also pay just homage to those 
who had started before him in the same course, wherein it was his 
undisputed merit to have arrived first at the goal. 

INIr. W. Smitli was born on the oolite formation at Churchill, in 
the county of Oxford, in 1769. W'hen a child he was in tlic habit 
of collecting Terebratulae from the oolite rocks in the fields of his 
native village, which he used us substitutes for niarbks. 

As an engineer he was employed in works of irrigation and drain* 
age in many parts of England ; as well as in stopping out the sea from 
breaches through which it had invaded the marshes of N( rfnlk, 
1806, 1807, <S:c., and in the draining off the water of IMismer lake 
in Sufi'olk into the sea. He was the enginei^r also of the Ouse na- 
vigation in Sussex. In 1809 he was engagetl in i\w restoration of 

P/til. Mug. i>. 3. Vol. 1 7. ^SujjpktitetU, No. 113. Jan. 1 841 . 2 M 
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the hot springs at Batli. In 18'21 he recommended to Col. Braddj l 
to search for coal (beneath the magncsian limestone) on au estate 
in which is now situateil the great South Hettou Colliery. No 
colliery in Northumberiand hi^ been worked, at that tiiBe> under 
tha magDesian liimwtone. 

Mr. Smith's principles of diainagc have been applied with moah 
advantage near Batli, Woburn, an(i in Norfolk. Finding the town 
of Scarborough to be very ill supplied with water, he excavated 
in the interior of the hill of Palsgrave Moor, two or three miles 
distant, a subterranean reservoir, in which he collected, from 
Streamlets percolating thai hill, sufficient water for the permanent 
supply of the town*. 

From hi.s early days to the latest period of his life he tells us tiiai 
he had the \n\h\t of looking on the groundf. 

iVir. iSmitli s iiujt public employment was in conjunction vuth Mr. 
De la Beche and Mr. Barry, in the Coiuiuission i'or reporting on tbc 
beet building-stone for the new House of Commons^. During the 
later years of his life he resided near Scarborough superintending 
the estates of Sir John Johnson at Hackness ; and dying at North- 
ampton, in August 1839, aged seventy-one. nfter a fe^v (hiv'-' ill- 
ness, at the house of his friend Mr. Baker, the hi-t«u i;ui oi Noi tli- 
auiptonshire, on his way to the Meeting of the Bntiah iV^&ociatiou 
at Birminghain, was internd in Uie diureh-yard near the weil end 
of the beautiful Norman church of St Peter, in Northampton, which 
stands on the Oolite formation. He had often express^ a wish to 
be buried in this formation, on wliich he was born and educated, 
and the history of whicii in had so much elucidated. A monum- i;t 
will be erected to bis memory in St. Peter's Church by subscripuou 
of members of the Geological Society of London. 

It was not the least of the services which have been rendered to 
our science by Mr. Smith, that he was during many years the 
geological preceptor of his accomplished nephew Mr. John Phillip?, 
in whom Jie has bequeathed to us a pu])i!. whr> lias «hown. by pub- 
lications ol' the liight^t order in various departments oi Geology, 
the soundness of the instructions received from his affiactionate uncia* 

Mr* Davibs Gilbert was one of the earliest members dedad 
into this Society, at its formation in 1806. During two yeari he 
served as a Vice-President» and for nz yean was a member of our 

* An account of this curious work is published by himself in the Hit- 

losophical Mapazine for June 1827. 

f a paper by himself on Quartz in SoilSj published m Chat lea worth's 
Magazinefor July 1837. • 

X For more detailed accounts of the life of Mr. Smith, and of the amount 
and value of the ser\-ice8 he rendered to Gcolog)* in England, I must 
refer to Dr. Fitton's masterly and candid investigation of tliis que&lioa in 
the Edinburgh Review, Vol. ICXIX, p. 310, &c. [reprinted, with additioiis, 
in L. &' E. Phil. Mag., vol. i. p. 147, &c.] ; to Mr. Conybcare's Introduction 
to his OutlitK-s of the Geoln^ry of England and Walo-^, 1h22, p. 45 ; to the 
Address of Professor Sedg^vick to this Society, 1831 ; and to a biographical 
notice by his nephew Pfoliessor John FbiUips» m Gharlsswcrth's Msgaiine 
of Natoial History. New Series, 16S9, p. 913. 
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Council ; and though he eomnranioRled no papers, he took a lively 
int ernt in all oar proeeedlngii and vnm em prompt on aH public 
oooasions to proaM>te the wellhie and fonratd the great objecte of 

Oiiv institution. 

His paternal name was (iiddy : he wiis descendrd in tho line of 
both his parents tioin very respectable laniilies in C ornwall, and on 
the maternal side ol' Davie**, allied to tlie noble family of Sandys; in 
1817 he Mitimed the name of Gilbert»on eucoeeding to the property 
of his wife's unde, Mr. Charles Gilbert, of East Bourne, in Sussex. 

Having been privately educated in Cornwall, he beciinie, in 
1785, at tlie age of eighteen, a genllenian-commonrr of Pembroke 
College, Oxford, w here, being of nutn ?tntHnM«t hpi>>its and more ma- 
ture attainments than is usual with student-< ot in^ age, he as«»ociated 
chiedy with the senior members of his College. Dr. Parr, writing at 
this time to the late master of Pembfokct speaks of Mr* Giddy, then 
twenty-three years old, as the Cornish philosopher/* and adds, that 
*' he deserves that name.** 

To this College, an well as to t^ip University, his aftectionate 
and devoted attachment endure(i to liij* latest hour, and hi became 
on several occasions a liberal benefactor towards improvements in 
Pembroke and its vicinity. During many years it was his great 
delight to pais a few days at Oxford^ and he always considered the 
diploma Degree of Doctor of Laws, conferred cm him by the Uni- 
versity in 1832, as one of the most gratifying events of his life. 

During his early residence his taste for chemistry and other 
branches of physical science luul introduced him to the acquaint- 
ance of Dr. Beddoes, at thai time a resident Member of I'embroke 
College, sad who subsequently dedicaled to him liis pamphlet on 
mathematical evidence* This acquaintance* was the remote cause 
of the first step in the public life of Sir Humphry Davy ; when Mr. 
Giddy, who had discovered younir Davy's genni< for chemistry whilst 
yet a hoy at Penzance, introduced iiim to Dr. iieddoe?5, to assist in his 
laborati>ry at Bristol, little dreaming tlmt be should iiunsi li oiteday 
become the successor of this boy in the chair of the Royal Society. 

Mr. Davies Giddy was elected a fellow of the Royal Sodetr 
in 1791» and svbsecjuently of the Antiquarian, Linnean, Geological 
and Astronomical Societies of London. He was also an honorary 
nieni!>f^r of the Royal Society of Edinbnrgh, the Royal Irish Aca* 
demy, and of the New University of Durham. In lbl4 he was 
elected first President of the Royal Geological Society of Cornwall, 
and afterwards Vice-Patron of the Cornwall Royal Polytechnic So- 
ciety, in both which offices he continued tiU the day of his death. 
He held the distinguished office of President of the Koysl Society, 
during three years, from 1827 to 1830, and contributed several im- 
portant papers to their Transactions ; one upon the Mathematical 

* [He al^ enjoyed tlic inuudbliip of Dr. Prie&lley : and lie wa6 on ids way 
to Binnindiam oa a vidt to btm^ when, at s short distance from the town, 

he learnt that the residence of his venerable friend was in flames, and that 
a bigote(i mob were 5n the act of destroying the- librnr) , manuscripts, and 
hiboratory of that excciient man and distinguished phiiu»ophcr. — £d.] 

dM2 
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Theory of Suspension Bridge (vol. 116, 1826, I., p. 202); 
nho a Table for facilitating^the Computations relative to Suspension 
Bridges (vol. 12t, 1881. p. Ml); u third paper, entitled Obsena- 
tions on Steam £ngine:» ^vui. 117, 1827, p< &nd a fourth on the 
VBLonew of Steam Eaotees In Goniwall, wUli InmtigatloBt of Am 
Methods best adapted for imparting gnat Aagriar Velooity ^^-oL 120, 
1830, Part I., p. 121) ; likewise a paper on the nature of Nagatif 
anfl Inia?r?nary Quantities (vol. 121, 1831, p. 91). He also printed 
tliree Addresses as Pieaideut of the Hoyal Society, lb28y XH2^ 
1830*. 

In 1804 he was returned to parliament for the borough of 
aton; and in 1806 for Bodmin, whiofa ptee ho MfwewaM tmi6a& 
Darlog that time ho waa centinuaUy oulod on hf the House of Coal- 
itions to serve on committees of inquiry touching scientific and finan- 
cial questions, on which latter 'subject be published a letter, ectitled 
A plain Statement of the Bullion Question." He was Chairman of 
the Coiuniittee for rebuilding London Bridge, which he' caused to 
he wldoted tea feet TheieetifioallM of theMtio«a8tmidai<dB of 
Ihioar dimensions and rapacitiei^ waa udertahea vpon hie molioft 
for an address to the Crown. 

In his native county also, his authority was continually appealed 
to on scientific questions, nnd ealenhitiuiKS of praetieni iuiportance 
in tlie machinery of minc^ and btcaiu-eagines ; uad he was ever 
ready on aU ooeaaiona to dorote hie time imA tidenta to the aervieo 
of his friendi and of the |mblio» In 1708* on the occurrence of a 
riot in Cornwall, whilst he was a young man, holding the office of 
gheriff" there being no soldiers in tlie county, he perforinrd, for the 
last time tiiat such an event has occurred in En^aada the uiiiitarj 
duty of calling out the patae-^mUatus, 

Fear pawmi eaoeUed Mr. GUbert in bringing the retolts of much 
eoBtempiatife atodj lo bear on tho bnouMM of life; hie atrang 
point lay in the applioation of high mathematical hao«iedge:to 
practical purposr ?!, nnd in calculatitf^' the amount of effective power 
to be derived from tiie use of niec lianic al forces, jiidtciously com- 
bined. For the exercise of this talent lus beloved native county 
offered unusual opportunities ; it also afforded him abundant mate- 
rials forgiattfying hie taste for antiquarian feaearefaot; and the fisibi 
of his labours as a biographer and local hy^orfaoi were presented 
to the public in 1838, in four 8vo voU. ; this work is entitled 
The Parochial HLntory of Cornwall, founded on the mami-^cript 
histories of Mr. Hak and Mr. Tonkin, with additious and various 

* Mr. Gilbert waa also the author of the following papers in the Quar- 
terly Journnl of Science and the Arts : Observations on the properties of 
the Catenarian Curve with reference to Bridges by Suspension, vol. x. 
p. 230; On the Vculilation of Rooms, and the Ascent of Heated Ga&es 
through Flues, vol. xiii. p. 113; Investigation of the Metlkods ated for ap- 
proxiinatin;:; lo the Root.-? of Affected Equations, vol. xiv. p. 353; Re- 
searches on the Vibrations of Heavy IJodies in Cycloidal and Circular 
Arciics, vol. XV. p. 90; On the Geueral Nature and Advantages of W'lieels 
and Springs for Carriages, the Draft of Cattle, and tibte FoffB of BoadSi 
vol. sTui. p. 95) On the Vibiatioa of Heavy Bodies, toL n. 09* 
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appendices by liiuiself, and brings down tlie account of lamiUei* and 
descent of property in tliat county from the death of thooo biogim- 
vhera, about the middle of the last ceDtory> to the present tunOi 
Mr. Gilbert s additions and criticisms form no small part of its value; 
he lias introduced also copious scientific notices by Dr. Hoase and 
other modem authors, rolatinir to tho gpolocry of tlic county, a j^ub- 
ject, he observes, of such recent origin, thni the very word doesi not 
occur in Chambers 8 Encyclopsedia printed lu 1783. In acknow- 
ledgment of bis indirect influenee upon tUs science, I am bound to 
state with gratitude that my Bridgewater Treatise would never have 
existed) bacl not the appointment to write it been conferrod vpon 
me by Mr. Gilbert whilst President of the Royal Society. 

Mr. Gilbert was an assiduous collector of ancient traditions, le- 
gendary tales, songs and carols, illustrating the niannei'is, sports, and 
pastimes of the peasantry of Cornwall ; and he was a writer of several 
liAonymoos letters and papem in the Oentleniaai's Magazine. He 
possessed great memoiy and powers of quotation and anecdote, 
enriched by vast stores of traditional information as to the penionai 
iiistory of nmny of the Ttiost distinguished individuals of his time, 
much of which will hu\ ( j)erishnd with him. It has been trulv said 
of him by a contemporary biographer, that " His most endearing 
talent was his power of conversation. It was not brilliant; it was 
something inmiitety bej<ond and better than mere display; it was 
a eontinned stream of learning and philosophy» adapted with ex- 
quisite taste to the capacity of his auditory, and enlivened with 
auecdofes to which the mo>?t listless could not but listen and learn. 

" [lis Hiaoijt IS were most nnaffectcd, child-like, gentle, and na- 
tural. As a friend, he was kind, considerate, forbearing, patient, 
and generous ; and when the grave was closed over him, not one 
nan, woman, or child, who was honoured with his acquaintanee» 
bnt will feel that he has a friend less in the workL Enemies he can 
have left not a single one." 

During the last twelve mnntli«? ]m strength had been rapidly de- 
clining, l)ut he retained full possension of his intellectual faculties 
till within a lew hours of his death ; he breathed his last in the 
bosom of his family at East Bourne, on the 24th of December 
Isst^ in the seventy.third year of his age. An exaet and admirable 
refMresentatlon of his finely-formed head and intelligent countenance 
is prcf^ei ved in a bast by Westmaoott in the Hall of Pembroke Col- 
lege, Oxford. 

Sir Jon X St. Aubyv, who died during the last year, was one 
of the founders and early Vice-Presidents of the Geological Society, 
and was among its most firm and valuable friends and supporters at 
that perilous moment of its existence when the struggles and op- 
position which attended its first establishment had nearly crushed it 
in the hTiri ; he was also a libernl contributor to the supplies at 
that time requisite for its advancement. 

He subscribed largely also to the funds then laistd for the publi- 
cation of Count Boumon's crystallographic work on Carbonate of 
Ifhne, and Ibr enabling Dr. Berger to undertake his toon in Corn- 
wall, preparatory to his geologifSd description of that county. 
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The meetings held for the purpose of fbrwenUag Coual Bobi«-> 
nonV work by tome of the moft dutiagniihcd mineralogists of that 

day, when collections in geology ^vere rare, one of the steps that 
brought topothcr our first iVmnders: many of them wer»- till then 
8tranf?er*j to each ot^ier, and U inir thus aecideiitallv introduced, tliey 
resolved from thenceforth to cooperate fur the furtherance of objects 
ill which they U3Li a oommon interest, end beosBDse the germ of the 
Geological Society. 

Sir John St Auhyn was at this time occupied, tilce his friends 
Sir Abraham Ilumo and Mr. (iroville, in making large aiid co-stiy 
additions to liis rnlMru t of siiuple minerals, the nurlous of which 
consisted of the specmieiis he had purchai>ed of Dr. Babiagtou iu 
the year 1799) and which are described by 13abingt0K in hb oata» 
logue (ooe vol. 4to) published in the same year. These spe c i mnn s 
had previously been the property of Lord mtte. 

Tho position of his scat at Clowance, in the centre of the proiitest 
mining district of Cornwall, aUbrded fariliti? s foracquiriner the most 
choice prodiiciiuha of that jjreat rcpo^itinv of mineral ogical trea;- 
sures, and of tliese facilities he assiduou&l) availed himself during 
nuloy years. His other seat on the pietnresque granitic pinnada 
of «• Michael's Mount in the bay of Feasance (the Ictis of Dio> 
dorus, from whence the Romans exported tin to Gaul ), placed him in 
another position of high 'j-poloL'ical anfl minenilogical advantages; 
the granite veins tliat int»?rscet tlie killiiji at the base of this classic 
mountain being among the tirst dt-ricribed and mot>t instructive in* 
stances which CorawaU alTordst of the important phamomeaa of tha 
injection of granite into slate^ and the metamorpluc condition of 
the slate thence resulting t wbJkt awell-expos^ tin Tetn at the base 
of the ancient fortre«s3 and monastery thjit erown this insulated 
mountain, atlords specimens of Apatite, uiiti is more richly studded 
with minuLe but perfect crystals of top£^ Uiau any other vein known 
to exist in this country. These easiW accessible examples of pto* 
nomena, most highly interesting to the miaeia&agist and geologist* 
he carefully preserved for the inspection of the numerous vbitors 
that are continually attnu'tcd to tliis spot — of threefold interest* to 
the antiquary, the artist, and the mineral philosopiier. 

A similar zeal for the ])reservation of interesting scientttic objects 
induced Dr. Jcnner to preserve, for the beneiitof geological visitoi% 
a rock which presented the rare phssnomenon of organio reoiains 
intermixed with toad-«tone> on the «de of a trap dyke intereectiag 
old red sandstone at Newport, near his residence at Berkeley. 

To the nucleus formed by Dr. Bahington's eoHeetio!!, Sir .K hn 
St. Aubyu made largi^ additions, not only from the productions of 
Cornwall, but also from foreign countries, particularly the mines of 
Germany and Hungiu*)-, many of which are no longer wrought. 
This collection was very rich in the ores of gold, silTer, copper, 
and other metals, and particularly in native diamonds and gems* 
The arrangenii nt of it was begun by Count Bounion» bat subse- 
quently completed alter the system of Mohs. 

In 18ii4' he pi^e^ented the bulk of his collection to the Devonport 
Civil and Militaiy Library, of wliich he had been annually appointed 
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President from its foniiatioii la 1827 until his death; and a collec- 
tion of Duplicatti^ Lu Liie museum of Safirua Waiden, near which 
plaoe he then ntided. He was an aetife taeniber of the Geologioal 
Society of Cornwall, and of many scientific ioatittttioiia in London i 
had a knowledge of Chemistry, Conchology, and Botany ; and wat 
a patron of the fine arts and a collector during his whole life. 

In Brigadier Charles Silvertop the Society \uis lost the au- 
thor of many interesting communications to our Evening Meetings 
on the Geology of Spain, the mineral structure of which, notwith* 
fltaading its proximity to Fnnoe and England, and the long-«on- 
tinned military operations of both these nation:^ upon it» territory* 
is less known than that of any other portion of civilized Europe. 

The nTilmppv riremiistanccs of the country have long ahstneted 
the attention ot the Spaniard from researches of science, and thu dif- 
ficulties of travelling in the midst of civil commotions have deterred 
even the enterprinng spirit of neighbouring gcologista ftooi endea* 
vouring to fill up the lamentable bknk whieh Spain still preienti 
upon the scientific map of Europe. 

Brigadier Silvertop, though occupied in the jjrofcssional engage- 
ment of nmxs, was not forcrotfiil of the pursuits of science. He pub- 
lished the substance of his coaiiuuiiications to tliis Society in a small 
volume, 1836, wherein be gives a sketch ut the widely ^disseminated 
depoahi of tertiary bedi in tbe provinoea of Granada and Mun»a» 
accompanied by a general view of the volcanic and other rooka of the 
same districly illustrated by sections, which represent the confignniF 
tion »>f the ground, thr rebtivo heiirlit of the ridgef, and the super- 
position of the Htrata. He died at Henaes, in June iaat, on his way 
to the Pyrenees and Italy. 

Mr. Louis Hunton was the author of a paper printed in our 
Tranaaotlomi on the Upper Liaa and Marl-atone of Yorkahire* 
blowing the limited vertiod range of the spedea of Ammonite and 
other Testae ea, and illaatrating their value as geological tests. His 
oh<^ervatif>Yis are founded on the detaila of the aeotion of Eaaiitgton 
height, near Whitby. 

Jens Esmark, Froft^sor of Mineralo^ in the University of 
ChristiamB, was one of the many disciplea of the ichool of rief- 
berg, who imbibed from their matter an enthuaiaatte devotion to hia 
theories, which largely contributed to atimulnte into activity that ge- 
neral spirit of geological inquiry, the expansion of which, during the 
present centun'. hns produced aurh unexpected and extenaive dia- 
coveries in the di vi lij|>inent of I in' structure of the tiarth. 

In 1794f, deeply imbued with the doctrines of Werner, he went 
to Vienna to prepare hiroaelf for a tour through Hungary ; after 
tfaia he remained aome montha at Chemniln, and viaited the other 
chief mining districts of Hoflgary, Transylvaniat and the Bannat^ 
and crossing the Caqjathians to VVielit^ka arid CraooW) returned 
to Saxony by the mines of Tarnovitz in Sih sia. 

In 1 798 lie published, at Fn^yberg, the it-ult of his observations, 
in uHiuaii octavo volume, giving dej»criptiuus of the mines he visited, 
and tiieir reapeetive productions^ and ezpmdng his conviction of 
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tiMlnrthorWmer'gojiiiiiloBMtotlM NtptuduioiisfaiortlMpK* 
mice and ohndnai (eWB tiiat of the lipari laluida)^ as well as of 
trap and granite. A translation of his remarks on the Geological 

History of the Globe was ptiblished in tlie E<lin1>nr«jli NV>v Philo- 
sophical Jourital (1827), vol. vi. p. 107. The niosst mi|ioriant j iii -n 
of this paper consists in its bearing his evidence to t»hou liuit liie 
greater part oCNoffmiv has, at mom pariod» baeo eofend witli ic% 
and that tha granite blooks^ lo abaadant ia thai eooatrj^ have ban 
brought to tlieir present place by glaciers. 

Irj ]S J') Professor Esmark ]ni Wished a Tour in Norway*, con- 
taining many nuasureinont.s of heicrhts, and he was the first (o mea- 
sure the loitv' mouiituiti uf Schiu-eliattea. He ai^) published varuiu^ 
detached Memoirs on fiifineralogyf. 

He ia aaid by Otte Co have been the fliet diioeveffer of ehiemala 
of iron in Nenvay; and the Kenregian datelila^ which was alas 
discovered by him in 18()6, was at that timo named Esniarkite, 
He published a siiort iiotioe on teilurium, in the ^kd voL, \A «^ 
ries, of our Transactions. 

Hb residence at Christiania, in the vidnity of iroJi, copper, and 
siher nines, aadof the Sefaoolof Aflnes aadAgrieakore at Kon^a* 
berg, gave full scope to his taste and talenta, and abo affiofded 00- 
casion for the exercise of tboai courteous attentions which have» 
during many years, been gmtefiilij aeknowkdged by adentifie la- 
vellers in Nor^ray. 

He once came to England, and wa.s a member of tlte Weitieriau 
Katnnl History Society of Edinburgh. 

He WW an exoeUeat e ha sa player; and in app^utmce, ooantaoaaoe, 
and the fine form of his head, resea^lM Mr. Davics Gilbert, whom it 
hcLs been my painful duty to associate with him in tlie falahryBft ftf 
the losses we have sustained during the last year. 

Don Carlos de Gimbbhkat, Member of the Royal Academy 
of Sciences at Munich, was the son of a physician of Barcelona^ and» 
Irem fwlitiQal niotireB left hia native ooantiy at tlia oaaHnenoBuant 
of the French Revolution for Paris, where he passed many years, 
lie had previoudly studied at Freybcrf? und< r A\ ernrr, and visited 
England, w here he becami» aeqnainted m ith Townst nd, our Spanish 
travelh r, and with Dr. Hoj)«s of Edinburgh; giving to the physical 
&cluuceb the attention usually required of students for the luedical 
proftBiioo» and eonliniiing to cnltivala them in Ma lalsr yeain. Ho 
was more particularly attached to Chtai1stiy» Geology and Mine* 
ralogy, and analysed the waters of many hot mineral springs, and 
found azote in all. The medical virtues which he ascribeii to theeo 
springs rrM<f'<! him high in the estimation of the ISwi.ss. 

M* Giiubcriiat publisbed accounts of his discovery ni the thennai 
wateia of Ais in SaMiy, Bnden, and otfier warn springe in flwjtii 
land, of a nneous organic snbstaoce, (formed^ as he fanded, by 
chemical predpitation, from azote and carbouie acid)) wliieh hie 
thooght was more nearly allied to animal than vegetable matterj and 

* Reis von Christianin nach DroodKim. 
t In tht Magaan fat X^atttrndeaskabenieto 
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to which he gave the name of Zoogeue ; and he also supposed that 
he fonnd tlw tame substance in the thensal waten of Isehia, and in 
waters produoed by the condensation of the steam disengaged from 
Vesvvius. A similar mucous substance, in the thermal sulphureous 

waters of Roii'=sillon. ^-as supposed by Professor AiiLriada, uf Mont- 
pelirr, to a ciienncal product, from elements hi id iii solution by 
the waters at the time they issued from the eartii, and depo^iteU 
by them in a floooalent form when they come in contact with the 
air. De Saatsore, however, Deeandolk, Diilwyn, and Daubeny*, 
founding their opinions on the atmctare it exhibits under the micro* 
scopn, rrfcr this gelatinous substance to minute Conforvrp; but the 
more rrrrnt Hiscnvfrv, by Ehrenbore, of infusorial aninialM in the 
warm springs ot Hohcnua, gives some probability to the supposition 
that these may be mixed with Confervse in the so-oaUed Ko<^ne 
of Gimbemat. The decomposition either of Confonrss or of In- 
fusofia would afford the azote found in zoogene; but their presence 
would transfer the origin of this organic substance from simple clie- 
mifal agency to the instrumentality of ortjcanic life. On quitting 
Xaj>l( t^. in 1820, he retired to iSwitzerlaad, where he fell into bad 
iieaJLli and reduced circumstances, and died at Geneva in 
18S9t- 

Fbbosrick Moiis, Professor of Mineralogy in Vienna, was born 
at Gemrode, in the Harz Mountains, about 1770. He lost his 

father, a merchant, verv erirly, and was expected to succeed ?iiin in 
the businejw; but his predilections for science, particularly for ina- 
Ihematics, had marked him out for higher destinies. 

He befsn his studies, 1796^8, at Halle, and continued them In 
the mining institution at Freyberg* 

We find him in 1802 at Vienna, occupied in describing the mi- 
neral cabinet of the b;uiker V^on der Xiiih >vhere he first conceived 
those views which he afterwards developed ui his system of mine* 
ralogy. 

His fondness for geology and the art of miniug induced him to 
yisit Styria, SaHsburg, Carinthia, Camiola, Hungary and Transyl* 
vania, ftc^ and be fecxihred fiom the Austrian Government, in 1810, 
a commission to examine tho9e parts of PaisaUy Ailstnat and fiohe* 

mia, where porcelain clay is found. 

Having thus attracted the notice of the Archduke John, and un- 
dertaken a journey to Styria in 1811, he was nominated Professor 
of Mineralogy in the JohtiDncuni« at Grata. 

In 1816 he visitrd E-ngland with Count Breiiner, who had been 
his pupil at Gratz ; his eonfereriees at Edinburgh with Jamesotti 
whom he had known at IVeyberg, made a strong impression on 
the Professor, in favour of what he called the ** natural-history- 
system " of mineralogy, which he in part adopted, aud first made 

* On Organic Matter in Sulphureous Springs^ Linn. I^ns.i Loodojij 
vol. xvi. 1833. 

t A short notice on Sniphate of Soda is published by Gimbeiaat in our 
l^ansactioos, vol. U., fecond series, p. 331. 
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known to Britibb nfaiBnlogifts In 1820*) nnd nftcfwivdi bmmw ftiBy 
«xptafaied in I821t and imf:. 

On the death of Werner, in I8I7» he was called to the chair of 
Mineralogy in the Minhiix Academy of Frrvht^rg; hwf in \H^2(i 
went to reside at ^'icnna ;is Prot'f»«^sor of" Mitiijralogv, ami Suj>er- 
intendent of the Imperial Cabinet, in ibO^ he pubUHlic(i a voiuuie 
of praetkml importance, oontaintog ** A Detailed Account, Bltts- 
tmted with a Onmnd Ften, of Ao MfaMt and Mining QpetntioM 
at Himmelsfiirst, near Frejbarg." In this work he describe^ ttOt 
only the geological relations and mineral products of these nuDes, 
but gives full f ills as to thr> methods of working^ Thriii ; their 
buildings and inuciuiiery, ventiiatioa and drainages, preparation of 
the ores, receipts, expenditure, &c. 

Hi gnat work on Mineralogy, or ''the Natsfal Hiftory of tte 
Mineral Kingdom,'* is best known in this country by its tnimhlHon» 
published at Edinburgh, with considerable additions, by his pupflp 
Mr. William Haidinger, in 18^5, '^ v.>ls. Kvo. In rlie nii'thocl of ar- 
rangement proposed by Moh^ in this work, he iounds his classiticatiou 
solely on external resemblances and differences, and displ^s a most 
lirofiMtnd knowlec^ of all the prodneHons of llie inenl fcingdoak 

This devoted pupil, friend, and raocessor of Werner died In Italf , 
20th September, \H^9, at Agardo, near Belluno, having undertaken 
a tour into that couTifrv for the purpose of studying the pbeno- 
mena of volcanos§. He was an honorary member ol* the Hejal 
and Wernerian Societies of Edinburgh. 

It has been safcl of Mobs, and may l>e said of many dfetingaished 
ouhiTaton of this depsrtment of natural scieiiee^ that hm was too 
oonsnmmate a mineralogist to be a good geologist. The Mslaiaed 
attention to minute details, which is indispcnsalile to the Tt»cognitron 
of imiiviciual minerals, gives such a habit to the mind, that it caunot 
pmWy rci'oW from the state of tenj^iou, which is induced by the con- 
tinual study of minutiae, to that expanded condition which is essential 
to apprehend the magnificent genefalintions of g eeto gy. For sinflnr 
reasons, an extremely skilful delineator of botaniodieMs wOttU prO* 
bably be incapable of expressing the grand and general features and 
effrot'* of forest scenery, or landscape, from his hahifs of ovf'rstni!n«fHj 
attcntKm to the details of individual trees and piaut4» thai occupy 
the foreground of his picture. 

Captsln AtszAironi GntAMi^ of the Bengal NiHve Influitry, 
was one of three brothen, all distinguished by their enterprisiiig 
spfirH, and zealous sclrntillo rraearches in the Himahiya Mountnins, 
the sons of Dr. Ciilhert Gerard, who wrote the well-known " Insti- 
tutes of f^ihl^r ^.l Ottiristn," an«! jrmndsons of Dr. Alexander Genirtl, 
author ot works wiueii have been tninsiated into vartous European 
languages, and of a standard *' Essay on Tasto.* 

* Third edition of his SyatSBS o£ Mincrulog^'. 

"f Manual ot* Miaemlogy. I £ucyclop«udia Btitaunica. 

^ His fUnsral was oelcbratod with nnch ceremony expressive of public 
resptct. and attended by a long pfocsssMNi of miaei% etch bssriog in hia 
hand a burning torch* 
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Having been bom at the Univenuty of Old Aberdeen, in which 
bis falhcr wu Theological Ptrofenor, he liad early Imbibed a thirel 
for knowledge and for ecicntifle pursuits ; and at the age of sixteen 

Ik; entered the military service of the East India Company. Ha- 
ving considerable abilities a.H a surveyor, and being (Jesirous of 
travelling, he soon got an appointment, and wa** s»'nt to >urvey tiie 
province of Malwa, where he prosecuted hi^ in^ti uctiuus under a 
boming sun, ¥rith great aecwacy and constancy ol' purpose. He 
ptocuraid at his own expense the most costly instnunents, and uo* 
dertook sevendsiiiTeys in the Himalaya Mountains, suffering every 
vicissitude of heat, cold, hunger, and all the ills which nmld f>eset 
a travellfT, with a degree ol" elieerfnhics': which was remarkable ; 
but a residence of thirty years in India, pa^^sed chiefly iri the endu- 
rance oi these hardsliips, laid the fuuudatiou of that decay of health, 
which has lately brought him to a pranature grave. 

Captain Alexander Gerard was well known in the East as a sci« 
entifiic traveller, having, in company with his brother, the late Dr« 
James Gerard, penetrated the Himalaya Mountains throup^h seve- 
ral passes before unknown to Knroprans. While contril>utiii;ix, by 
hid maps, to benefit geograjihit al &eiunce, he never lost sight of 
what was novel and interesting m the geology, botany, and zoology 
of these stupendous regions, and various occasional papers have 
appeared from hb pea, comprising valuable information on tliese 
subje cts. We owe to this enterprising D&icer and indefatigable 
barometrical observer, our first knowledire of the stnirtnro of that 
portion of the Himalaya Mountains which forms the upper region 
of the Valley of the ^utiej, and is chiefly primitive, in this north- 
west extremity of India, on the frontier A China, he ascended to 
the astonishing height of 19i411 feet, on the mountain Tahigang, 
the summit of which he estimated at 22,000 feet above the sea. 

A small collecticn of geological specimens made by him has 
been recently laid before thi;^ Society; it was formed in thr distric 
of Speetee, in Chinese Tartiiry, at the elevation of froju J2,0(K) to 
19,000 feet above the level of the sea, and between the latitudes 
SI*" SO" and SO" north» and longitude 71'' and 7^ east On 
the confines of Chinese Tartary, at the height of i6»200 feet, ha 
found a region of limestone containing Ammonites. The same shells 
occur nearly at the same height near the Niti and Manna Passes, 
In Thibet he observed millions of organic remains, lying at extra- 
ordinary altitude^*, and forming vast and rocky cliffs. At the eleva- 
tion of ITfOOO feet were seen detached fragments of roeks, beaiintf 
the impfeaston of sbeUs* which must have been derived firom stiU 
higher peaks ; one clift was a mile in perpendicular height above 
the nearest level. 

He first appears as the companio!i of Herbert in his survey of 
the course of the Sutlej, 1819. (Asiatic kesearches, vol. xv. p. 8.'i9.) 
In the same vol. p. 469, he published observations on the climate 
of Subathu and Kotgerfa, His labours in completing a geogra- 
phical survey of the valley of the Sutlej are the subject of a jiaper * 
by the lale Mr. H. T. Colebrooke in the Transactions of the Asiatic 
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Society of London, vol. i. p. 34>8. From the diary of tfab marwef 

Mr. Colebrookc selected notrs of Geological obsenradons ; and 
from spocimc^n?* tlifn collcctrr!, fluplicates wtTo sent to our Sr»f-i<nv. 
Upon these notes, at]ii on ( dpuiti Goran Is Utters, wnitru duriuf^ 
his survey in the midciie vuUey of the v>uLic|, a sketch oi the Geo- 
logy of the HSnudaya was prepared bj Mr. Colebrooke and pub- 
li£ed in the G«ologi<sil Tnmat^&om Jt London*. 

The second volame of Sir W. Lloyd's reoent narrative of a joufi- 
ney in the Ilifn.ilaya, contains an account of Captain Gerard's at* 
tempt to penetrate on the nortfi side of the iliin:dr^va by Dekhiuv 
to (iiiroo and tlio lake Manasarouara, noar the souree of the Sutlej. 
The^e letters are iuterspert^ed witli many inlere^^ttiig geological Qt>- 
aenraiiont respecting the mineral prodnotions and nalnio of the rocks 
of the country overwhieh he travelled. ■ He foandthe iaeUanlion of 
the strata to be usually perpendicular to the directioii of tlte raoge^ 
presenting Ioiil' eontinuon^ slopfM on thf sidf towards which they 
dip, an(i teriiiiiiating abruptly in i iiLjj^ed pn;cipice» toward'^ thn axis 
of the mountain chain. Near Ikkhiir, at the north side ol ii»e Hi- 
malaya, on the margin of the great table land of Tartary, elcvaieti 
15,786 feet above the sea, he mentioDs the occurrenoe of gmv«l 
stodded with Ammonites, not far from the Hookeo Ptm, nhkk 
presents moral ]N%cipiccs of limestone. 

In one. excursion in tlif Himnlayri lie fell in witli the late Bishop 
lleber, who devotes a long and i Kujni nt passage in his journal tu 
the expression of his praise and adnurutioa of tlie scientdic talent 
and enterprising spirit of Captain Gerard. He was an ej^LcelicJit 
Persian 8dioiar» and aoquainted with several other orlentai Ina^ 
guagcs. 

He performed many af his snrveys under a burning tmm^ the 

thermometer ranging from 100 to upwards of 112 degrefs. As 
many of his observations^ were reqnimi to he taken at mid day, the 
consequences were frequent 8uti<>nug and dine&> from stroke:> ot the 
sun; but he continued bis laboum until bis health totally £uled. 
He died aft Aberdeen in December last, at the age of forty-eeveo, 
having apparently sacrificed his life to the promotion of scicno^ 
stimu&ted in bis labours by the wish to booeit mankind^ without 
the hope of worldly remuneration. 

To his late equally zealous and mdefatigable brother, Dr. James 
Gilbert Gerard, surgeon of the Hill corps stationed at Subaihu, 
and the companion of CaptaiOt now Sir Alexander, Bumes, in his 
perilous journey through Central Asia, we owe the discovery of 
extensive collections of fossil shells in the Himalaya mountains, at 
the height of 17,000 feet. The greater part of these closely re- 
semble shelh that occur in tlie Oolite formation of Europe, particu- 
larly Ammonites and Beleniniles ; whilst a fi-w, e.g. Orth«>eerutilei? 
and Spirifers, are similar to shelU we find in rockn of our Traiu»itiou 
Series. The Rev. R. Everest has described and figured some of 
these in the eighteenth volume of the Asiatic Researches. 

* Vol. i.» second scries, p. 134* 
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Mr. Hawluhtw on certain FmU Treee. HI 

His third brother, Captiin Patrirk Gerard, is remarkable as the 
author of a Meteorological Join iuil, kept in 1819-20 at Kotgcrh, 
&ibathu, and the intermediate places in the Himalaya mouutaius, 
and recordmg hourly observations duriiig nearly two yean*. 

Fsb. 26. — A paper tnui first read, entitled " Further obaervatioiu 
on the fossil trees found on the Manchester and Boltpn xailway 

by John Hawkshnw, Ksq., F.G.S. 

Since Mr. Hawkshaw's former commniiicationf , another fossil 
tree has ijeen found on the opposite side of the railway. It is about 
three feet in height, and three feet in circumference, and stands on 
the same thin stratum of cool as those fimt disoovered, and perpen- 
dienbily to the surface of the bed. Mr. Hawkshaw is, therefore, 
strengthened in his belief, that the tnses glow in the positioa in 
which they are found. 

After this notice of the recent discovery, he proceeds to describe 
the effects produced in hot and moist cUniates on felled or pro- 
strated solid dicotyledonoi» trees. The tropical forests with which 
he is aeqvakited from personal eaamination, are situated in Vene- 
zuela on the shore of the Carribem sea, and between the 8th and 
10th degrees of north latitude, and the 65th and 70th of west longi- 
tude. In these forests a few months nro <>nfficient to destroy the 
interior of the larg^est tree, little morebeiiii: left than an outer shell, 
consisting chiefly of the bark. Mr. Hawkshaw noticed this pecu- 
liarity more frequently in dicotyledonous trees, having a proper bark, 
than in monoootyledonous vegetatioo, excluding necessarily those 
alwaya hollow ; and he does not remember to have seen a single in- 
stance of a palm similarly acted upon. Sometimes the portion of the 
dicotyledon on s tre e remaining^ on the ground, presented very much 
the nppenruTice of tlie founder's mould, when the pattern has been 
witiidrawn froiii tiiu sand, and before the metal has been run in; 
and by thit kind of decay, a cavity is formed from which a fao slniile 
of the tree might be cast. In other cases, prostrated trunks baring 
the appearance of being solid, hove yielded to the pressure of his 
feet, and proved to he only hollow tubes. Dangerous accidents have 
also occurred from temporary bridjrc^ constructed of dicotyledonous 
trees having given way beneath the pasPeniErer, though there was 
no outward indication of decay. The bark of these trees hud 
changed but little, tiiongh noting of the interior remained but 
dust, and a few remnants which crumbled beneath the slighfeMt 
touch, 

The low and flat tracts in which this destructive operation goes 
on most rapidly, are those in which, from the deep rich soil and 
excessive moisture, all below the tall forest trees and larger palms 
is occupied by caiies, bamboos, and minor palms. Such tracts would 
be most easily submerged ; and In Mr. Hawkshaw's opinion they 

* See Journal of Asiatic Society of Bengal, vol. ii. p. 615. 
t L. is B. Phil. Mag. vol. xv. p. 639. 
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might hereafter present n seam of coal, which would afford bat few 
distinct traces of palms and forest trerf. 'I'hesp pha?nomena, he savs, 
may exphiin in part, why so few di>tiiict toi [ii- n nutiu of the auiuo 
berless forest trees, wliicii mubt have iurmed a portion of the vc^p- 
table kingdom, at tlie time of tiie aooanralatiflii of otir coaldeponli. 

Mr. HawkahAw doea net attunpt to taofhrn tke proem bfjr vfeldi 
dlootykdonouB trees are rendered hollow in tropicEd forests. He 
expr''««es doubts respecting the probable nnture of the Calamltes 
of the coal measures, and ufl'ers no explanation of the mcmiis bv 
which they have been preserved in m great abundance. If the oo4ii 
he oonaid^ned aa the delnia of a foraat, he says, it is difficult to ac- 
eooat for not fiadigg more trnnka of traoa than hw booa JiiOBumd 
in our coal basina; and he observes, it ia oalf perhaps hf wSkfmm^ 
the original of our coal seams to have been a combination of vege* 
table matter, nnnlon-on* to peat, that the difficulty can he solved. 
In this case, he la ol opinion, but a few isolated tree? niig^iit be ex- 
pected to be foi4iid, and that the remains of vegetable forms mo&t 
frequently d i aooir e red, would 00I7 ho oooinaattvo of —Haipniu 
quaHtiea of thou orighial &aloio,aapi«vio<ialjadTanoed hjAvMBtr 
lodley, and not of the number or impovttaae of tliair p<rtii>tir 

gf>nprn nt t!u' time of their deposit. 

Ill r inclusion, Mr. Hawkshaw my^, that whatever opiniun iikiv 
be drawn from what it*, cunjectitfal m his paper, it will be obvious, 
that though foaaS foma^ may bo Ibaad ftUod with a mechanical 
dapoait» and oontamiagf tiaoea of other Tegetahloa* yet thalttliia ooa- 
ditioB does not prove, that the plants were origiaaUy koUoWf aor 
even render it the most likely liyjiothesis, as they may hare been 
hard wood*trees, the isentre of which had been iemo?«d by nataml 
processes. 



LXXVL JnitUigeneg and Mi9teiUmeim$ Artidn. 

BLUE OXIDE OF TITANIUM. 

MKERSTEN has* sliown that oxide of titanium may be pre- 
• pared containing less oxygen tlian titanic acid, and that this 
bl it ^-iibstance, which has hitherto been prepared only in the moist 
way, may be obtained in the dry wa^', and in several modes : 

lat By passing Ae vapour of amo over titanio acid heated to 
whiteness ; the add then assumea a dirty Una colour, bat loses 
and becomea again white when expoaed to osygen at a ten* 
perature. 

^ndly. By putting into n porcelain crucible, metallic rinr or n\idc 
of zinc mixed with charcoal, and then covering the whole with ti- 
tanic acid or a titaniferous earthy tifieate« and heating the cmeiblo 
ibr several boma to wbitcneia. Pnaad maateB of a lavender Mao 
colour are thus obtained ; they are opake« and contain bina otSde 
of titanium and oidde of zinc. 
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drdly. By fusing at a white heat, aud out of contact of the air 
several titauifcrous compounds, as* for example, the titaniferous si- 
lieatet of lime with iron. Theie aUioates, which are at first cobur- 
ICM, become more or lees Utte. 

4tiil7. By treating tlie same titaniferous silicates in the same 
manT^er with metallic tin. A nliglit addition of chMTOOal in powder 
appears to favour the formation of blue glass. 

5thly. M. Kersten found tliat titanic acid might, under certain 
circumstances, he reduced, hy means of hydrogen, to the atate of 
Uue oxide of a very fine colour. If into biphospbate of soda, kept 
in inaion in a porcdain cracibk. fine litMiic acid be projected, it dw- 
■olvea readily at a low temperature, and a white, transparent saline 
mass is formed. If this mass be put into a bulb of difficultly fusible 
glass, and hydrogen gas which has been dried by chloride of calcium 
be parsed over it, the saline mass soon becomes uf u hue lavender 
blue at the surface ; if the residue be afterwards dissolved in water, 
the phosphate dissolves, and oxide of titanium of a fine blue colour 
remains; this oxide was left in contact witli water during two 
months, without producing any diminution of its fine colour ; hut 
when heated to redness in contact with the air, it lo^^es its colour, 
and is converted into titanic acid. This blue compound is not acted 
upon by hydrochionc acid at commuu ttiuperuLure:» ; but when 
bested with this add it loses its colour, and is converted into tiXaiue 
acid. Zinc, tin, and iron immerBcd into this solution, reprodoce the 
blue oxide. 

6thly. If pure zinc be placed at the bottom of a porcelain crucible, 
and then above it a mixture of tiUmic acid and biphosj)hate of soda, 
or what is still better, if these substances fused together, be strongly 
heated in a crucible for several hours, a blue saline uxussii in ubtauied, 
sometUnes of a ^olet tint, which dissolves in water, leaving a re* 
Bidue, Hie Uue substance, mixed with a litUe oxide of sine, wbidi 
is not dissolved by the alksline phosphate. 

7thly. If instead of zinc, tin or iron be employed, the results are 
similar; but by the two last methods the blue oxide obtaiiied is, 
however, not of so hue a colour, as when the titanic acid is reduced 
by hydrogen. 

CHELIDONIA AND PIRROPINA. 
M. Potex has lately discovered two alkalis in the root of the 
Chelidonium majus ; to the former he has given the name of cheli- 
donia, and to thv ktter pirropina. To prepare these, the dried root 
of the Chelidonium is to be powdered aud twice boiled in spirit ; 
these infusions being distilled, they are poured into a cucurbit, and 
an equal quantity of distilled water being added, the alcohol is to be 
separated by another distillation. The residue is to be poured into 
a capsule ; by perfect cooling a soft resin separates ; the filtered !!• 
quor is to be precipitated by carh mate of soda, which throws down 
the two alkalis. Filtration is to he peifonned again, and the pre- 
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cipitate, after washing with cold water, is to be dissolved in boiling 
alcohol; the solution is to be filtered and nllowed to cool, hi tiiii 
operation the greater part of the chelidonia crystallizes, and by eva- 
poration more is obtained. The crystals are to be washed with 
alcohol to separate extractive. The mother -water and the washiBga 
are to be evaporated by a gentle heat, and then the pirropina crj* 
stallizes with a little chelidonia ; these crystals arc in yellow la- 
minse, and a portion is deposited on the sides of the vessel in 
blackish discs. 

The pi\>pcrtie8 of chelidonia are, that it crystallizes pardy ia 
transparent tables and partly in cttbes« and varieties. In the state 

of crystals it dissolves with difficulty In hot alcohol and in wther ; 

it crystallizes on their cooling. The concentrated acids, even when 
heated, act slowly on this substance ; nitric acid g;ivc^ it n yellow 
colour, and sulphuric acid blackens it. The diluted acid^i torm co> 
lourless salts with it, which readily crystallize and have an astrin- 
gent and very bitter taste. Chelidonia dissolves readily in the fat 
and volatile oils when heated ; the solutions have a bitter taste. 

The alcoholic solution has an alkaline reaction. If tincture of gulls 
or suhacetate of lead be added to a solution of acetate of chelidonia, 
abundant white precipitates are obtained. Tincture of iodine forms 
a kermes-colouicd pidcipitate, chromate of ]>otash a deep yellow, 
chloride of gold a dirty reddish yellow, and the aUcalb give white 
precipitetes. 

The properties of pim^nna are, that it forms steUated crystals. 

which are ag-g^regated prisma ; thoy are colourlee? and transparent, and 
on cooling they lose their transparency and become slightly brown. 
The acids, when cold, act upon it but slightly, but when heated 
they dissolve it, and become of a golden ydUow or reddish ooUrar; 
a powerful acid imparts a fine fiame-red colour to the crystals. Ite 
compounds are generally but little soluble in cold water, and have 
a slightly bitter tn~tr, but arc acrid and penetrating. Pirropina 
dissolves with dithcuity in cold wther and alcohol, but readily when 
they are boiling. 'I'he fat and volatile oils dissolve it when hot. 
It fuses when heated, burns and yielj^s ammoniacal vapours* Tlne« 
ture of iodine precipitates acetete of pirropina of a crimson colour; 
chloride of gold yellowish brown, chromate of potash deep broMm ; 
tartar emetic, chloride of iron, proto-nitrate of mercury, bicliloride of 
mercury, and nitrate of 'silver, all give yellowish white precipitates. 

The alkalies form a white precipitate ; tincture of galls and sub- 
acetate of lead produce no effect ; the alcoholic solution has no al- 
kaline reaction. — Journal 49 Chm, M^ikale, Aoiit, 1840. 
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• CasMiofiei^f on the variability of, 310 ; 
observation of, in 1831 and 1832.310. 

Acechlor-platina, 157. 

Acetate and nitnitc of lead, on the uae of, 
as photographic agentit, 2M< 

Acetone, ceconomical preparation of, 23jL 

Acid^: — on the t'ormaliou ol' laiupif, 7t> ; 
uncombined hyposulphurous, II ; liy- 
drochloric and sulphuric, in elaeoUths, 
113; hydriodic,a« a photofrraphicairent, 
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phoric, 238; hydromelionic, 231. ; 
chromic, 23 1, ; crystallized phosphoric, 
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Airy (Prof. G. B.) on the theoretical ex- 
planation of an apprircntly new politrity 
iu light, ^1 ; remarks on Trul' Chaltis's 
investigation of the motion of a small 
sphere vibrating in a retiuting medium, 

Alcohol, detection of, in essential oils, 2^ 
Allenbeads, meteorological journal kept 

at, extrnrts from a, 293. 

Altcn, I uuiiurkfii, oii the meteorological 
observations made at, by Mr. S. IL 
Thonin.*, 29.1. 

Ammonia, on the theoretical constitution 
of the compounds of, I2JL 

Analyses: — of a new species of biliary 
calculus, IQ ; of the ashes of the SalsUa 
trngusy 11 ; of petalite and spodumene, 
103 ; of poonalite and thulite, 103 ; of 
boracite from Liinehrtr}?, 101; of no- 
scan, hauyiie, lazuUle and artificial 
ultramarine, 104 ; of gmelinite from 
Glenarm, 105 ; of various ela^oliths, 
106 ; of green eWolith, 107 ; of brown 
chiolith, IPS ; of white cla-olith, UKS, 
111; ofnephetine, 1 09 ; white cL-rolrth 
from Katrenbtichel in the UdcnwaUie, 
111; uf iimlin, 127 ; of monaasite, 21L2; 
of octahedral copper pyrites, 202. ; of 
Pembrokeshire coal, 215; of.i vein of an- 
Uiracite coal, called the Gwurdd (green) 
vein, 213 ; of anthracite coal of South 
Wales, 213 ; of cupreo- sulphate of lead, 
IM; of sulphato»carbon;Ue of lead, 403 ; 
of sulphato-tricarbonate of lead, lOiL; of 
cupreo sulphato-carbonate of lead, 405. 

Anatomy of the brain, on the, LL 

Ancient Italy, vegetation of; the beech, 
the date palm, the olive, fiL 
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Anniversary Address of the Geological 

Society, 307. 
Ansted (David T.) on the carboniferous 

and transition rocks of Bohemia, 22& 
Anthracite coal of South Wales, on the, 

211 ; analysis of, 21.1. 
a Orwnh, on the v,ariability and periodic 

nature of the star, ILL 
Apjohn (Prof. J.) on the potaloe spirit oil 

of the French chemists, BiL 
Archil and litmus, on the chemical history 
of, 2fiiL 

Ari^and lamp, on increasing the light of a 

connuoii, lii. 
Armstrong (W. G.) on the electricity of 
a jet of sttfim i'ssuinjij^frorn a boiler, 370 ; 
on the electricity of efHueut steam, iit2m 
Arragonite, plumbiferoua, 1112. 
Arsenic with cobalt, on aome combinations 
of, 331. 

Ashes of the SaUola tragtis, analysis of 
the, 77. 

Astronomical refractions, on, 272, 467, 

4SS. 

Astronomical Society, proceedings of the, 

aim. 

Atmosphere, on the conditions of the, and 
on the calculation of heights by the 

barometer, 27>), ir>7. 
Atomic theory of colour:*, diagrams show- 
ing the different stages of the, il; ato- 
mic weight of carbon, 477. 
Austin (Major) on the g^eolofjy around 

the shore* of Waterford Haven, liiL 
Barometer, variations of the mean height 
of the, li^ ; on the calculation of heights 
by the, Ifi". 
Barry (Dr. Martin) on the corpuscles of 
the blood, 1.t7, 300 ; researches in em- 
bryolojty, third series, 
Baryta, hydriodate of, on the me of, as 

a photographic agent, 2Q&a 
Battery, voluic, on the tension spark from 
the, 

Beaumont (J. T. Barber) on the origin 
of the vegetation of our coal-fields and 
Wealdens, 61. 
Bell (Sir C.) on the nervous system, 1 40. 
Biliary calculus, on a new species of, S • 

analysis of, liL 
Birt (W. R,.), observations of a Cassiopeim 
in 1831 and 1832, ailL 
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Blood corpuacles, or red particles of the 
innnimiferous uniiiiuls, 130 ; on certain 
peculiarities of form in the, ofinainnii- 
ferous animala, 22^', of certain species 
of the genua Cervut, 327 ; appendix to, 

Blood, on the corpuscles of the, 157. SOIL 
Bohemia, on the carboniferous and tran- 
sition rocks of, 22iL 
Bokkeveld meteorite, cold, on the fall of 
the, lii 

Booth (James) on the focal properties of 
surfaces of the second order, 421, 

Boracite from Luueburg, results of ana- 
lysis of, 104. 

Boutigny (M.) on the pluenomena of ca- 
lefaction, 2^ 

Bowman (W.) on the minute structure 
and movements of voluntary muscles. 

Brain, on the anatomy of the, li. 
Britain, cultivation of the vine in, fiSi 
British Association, addrcM nf the Gene- 
ral Secretaries of the, at (Jlasgow, 441, 
4Sg. 

Buckland (Dr.), letter to, by the Rev. J. 
Ounn, on the Paratuoudra fruui the 
cluilk near Norwich, iHiL 

Bnihling-stonc commission, QfiB. 

Cakulus, biliary, on a new species of, & 

Calefaction, phenomena of, 230. 

Cambridge Diilusophical Society, proceed- 
ings of the, 134. 

Carbo-hydrogen, on the iodide of a new, 1. 

Carbon, atomic weight of, 477. 

Carbonic acid, on the aqneouii solution of 
carbonate of magnesia with excess of, 

Carboniferous slate of Cork, 173 ; table 

of fossils found in tl»e, 174. 
Carburet of platina, 
Carbyle, sulphate of, 235. 
Cervujs, on tlie bluod corpuscles of certain 

species of the genus, 327. 
Chalk formation, 

Challiis (Hev. J.) on the motion of a small 
sphere vibrating in a resisting medium, 

•162. 

Chclidonia and pirropina, 

Chemical and contact theories of voltaic 
electricity, 2ill± 

Chemical types, on the theory of, 179. 

Chlori de of gold, on the use of, as a pho- 
tographic agent, 204. 

Chromic acid, 231. 

Climate of Italy and other countries in 

ancient times, 92. 
Clouds, colours of the, and complementary 

colourfi, 

Coal-fieULs and Wealdens,on the origin of 
the vegetation of our, 



Coal formation, -*> 19- 

Coathupe (C. T.) on certain effects of tem- 
perature, 130. 

Cobalt, arsenic with, on some combina- 
tions of, 131 ; first combination, analysts 
of, 332 ; second combination : analyni 
of, a33x 

Cod oil, on the presence of, in iodine, 78. 
Colophony, on the detection and estinxa- 

tion of, when dissolved in the fixed 

oils, m 

Colours, atomic theory of, 2i ; diagrams 

showing the difFerent stages, of the, ii, 
Combination, on nitrates formed by di- 
rect, 

Cometf observations of the, made at Ash- 
urst and Dulwich, 309; on the ap- 
pearance of the, as seen at Hereford. 

Conferm flmiatilh, specin>en presented 
by IL R. IL rrince Albert to the Rvyal 
Society, 3SIL 

Copper pyritcSf octahedral, analysis of^ 

202. 

Copper-xinc and platina- xinc voltaic pair*, 
241. 

Cornwall, Royal Geological Society of, 
27th Annual Report of the, 474. 

Corpuscles of the blood, Dr. Martin Barry 
on the, 157^ aUlL 

Crosse (Andrew) on the tension spark 
from the voltaic battery, 212. 

Cnistaceans, 523. 

Crystalline humour, on the protein of the. 

Crystallized phosphoric acid, composition 

of, 232. 
Cyanitic acid, 222. 

Daguerreotype, on the process of, and its 
applii-ation to taking portraiUi £rom the 
life, 212. 

Daniell (Prof.) on the electrolysis of se- 
condary compounds, 297j SLlk; note re- 
ferred to, a2£. 

Davy (Dr. J.) on the form of the blood- 
particles of the Oruithvrhym hH* Ay- 
$lruit 22&; on the aqueous solution of 
carbonate of niagne«ia with excess of 
carbonic acid, 34 r>. 

Declination in .scale-divisions, table of, 
425. 

Decompositions, tables of by chlorine 
and bromine, 200 ; by the galvanic cur- 
rent, 2QiL 

Dclvauxine, Mr. SanJall on, 15G. 

Dc Morgan (Augu&tus) on a calculating 
machine, S&iL 

Devonian system, 508. 

Digestion, pepsin — the principle of, 1L2. 

Dove (H. W.) on the law of storms, 2fifi. 

Draper (Prof. J.W.) on the process of 
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Daguerreotype, and its application to 

taking portraits from the life, 217. 
Dumas (M.j on the law of substitutions, 

and the theory of chemical type«, 17 'J. 
Dysodil, llfi. 

Effluent steam, on the electricity of, 
Egypt, Palestine, the southern limit of the 
vine, ftL 

Eisoliths: — elvolith and nepheline, 105; 
analyses of various, 106 ; brown, from 
Brevig, in Norway, 106; green, from 

PredricksvHrn, in Norway, LQfi ; brown, 
from same locality, lilii ; white, from 
the ilmen mountains in Siberia, Ifi8 ; 
from Katzonhuchel in the Odenwalde, 
111; hydrochluric and sulphuric acids 
in, 113; chemical formula for the, 1 14; 
colour of the, 

Electricity : — researches in ; seventeenth 
series, IA5. ; chemical and contact theo< 
ries of voltaic, 2^ ; on the odour ac- 
companying, 203 ; of a jet of steam 
issuing from a boiler, 370 ; of high- 
pressure steam, 375 ; of steam, 449. 
457 ; of f ffltiont steam, 452. 

Electro-chemical theory, IM ; equiva- 
lents, 2SiSL 

Electrolysis of secondary compounds, on 
the, 297, 349. 

Elephant, urine of the, 156. 

Elevation, phaenomena of, on certain geo- 
logical, 154. 

Eliinin.iiiuu, 379. 

Embryology, researches in ; third series, 

385. 

Faraday (Prof.), letter to, from Dr. R. 
Hare, on certain theoretical opinions, 
AA i answer to Dr. Hare, 51; researches 
in Electricity, Kcvcntecnth series : on 
the source of power in the voltaic pile, 
lAi I on magneto-electric induction, 

281. aifi. 

Fennentation, observations on Mr. Smith's 
experiments on, 39. 

Ferrocyanate of poLissa, red, table of pre- 
cipitates with the, 201. 

Ferroseiiquicyanuret of potassium, on the, 
193, 381. 

Focal properties of surfaces of the second 
order, on the, 433. 

Forbes (James D.) on the optical cha- 
racters of Oreenockite (sulphuret of 
cadmium), 8^ 

Formations: — coal, 512 ; Wealden and 
Portland, 513 ; chalk, 513 ; supercre- 
taceous, 515. 

Formula, chemical, for the elsoliths, 1 14. 

Fossil trees found on the M.tnchester and 
Bolton railway, on the, 541. 

Povillc (Dr.) on the anatomy of the brain, 

ii. 
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Fronds (William) on crystallized nickel 
ore, 22^ 

————— and Theodore Scheerer, 
on some combinations of arsenic with 
cobalt, 331. 

French chemists, on the potatoe spirit oil 
of the, 

Gassiott (John P.), letter to,.by Andrew 
Cros»e, Esq., on the tension spark from 
the voltaic battery, 215. 

Gay Lussac (M<), letter to, by Michael 
Faraday, on magneto-electric induction, 

Geol(^ical Society: — proceedings of the, 

I 19, 22fi, 303; annual general meeting 
of the, 303, 387 ; anniversary addrcijs 
of the, 307, 508; notice of deceased 
members of the, 526. 
Geology :— on the geology around the 
shores of Waterford Haven, fiS; on the 
great greywacke system of West So- 
merset, Devon, nnd Cornwall, H ; fos- 
sil remains of a niauuiial, a bird, and a 
serpent, from the London clay, lift; 
on certain geological ph.i'noniena of 
elevation, and their probable connection 
with the existence of volcanos, 154 ; 
carboniferous slate of Cork, 173; Mona- 
voullagh conglomerate, IM ; on the 
carboniferous and transition rocks of 
Bohemia, 22£ ; on the I^aramoudra 
from the chalk near Norwich, 230 ; on 
the older straiitied nnks near Killar- 
ney and Dublin, 270 ; positive geology, 
50 H. 

Gerhardt (M. C.) on hellenin, 

Glasgow, minerals found in the neighbour- 
hood of, 401 ; British .Association at, 
address of general secretaries of the, 
ltl,4S2. 

Olenarm, analysis of gmelinite from, 105. 
Omelin (Prof. C. G.), results of analysis 

of puonalite and thulite, 1 03. 
Gmelinite, analyses of, from Glenarm, 105. 

Greenockite,on theoptical characters of, 8. 
Greywacke systcin in the group of West 

Somerset, Devon and Cornwall, on the, 

IL 

Griffith (R.) on Mr. Weaver's paper re- 
lative to the mineral structure of the 
South of Ireland, 161. 

Ouibo«rt (M.), analysis of the allies of 
the >Salsola trngua, lL^ 

Gulliver (George) on the blood corpuscles, 
or red particles, of the mammtfcrous 
animals, 139 ; on certain peculiarities 
of form in the blood corpuscles of the 
manimiferous aniuiat><-, 325 ; of certain 
species of the genus Cervus. i22. 

Gunn (Rev. John) on the Paramoudra 
from the chulk near Norwich, "i^SL 
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Hamilton (C. W.) on Mr. Griffiths' paper 
on the older stratiflt'd rucks near Kil- 
larney and Dublin, 270. 

Hare (Dr. R.) on certain theoretical opi- 
nions, 44 ; answer to, by Prof. Fara- 
day, on certain theoretical opinionSj ^ 

Hauync, analysis of, ULL 

llawkiihaw (John), further observations 
on the fossil trees found on the Man- 
chester and Bolton railway, 541. 

Heat of vapours, on the, 272. 488. 

Hellenin, 2^ 

Herschel (Sir J. F. W.), letter to, by Tho- 
mas Madear, Ksq., on the fall of the 
cold Bokkcvcld meteorite, LL2; on the 
variability and periodic nature of the 
star a Orionh, 1 1 ■ 

High- pressure :>tcani, on the electricity of, 

Hodgkinson (Eaton) on the strength of 
pillars of cu^t-iron, and other uiatcriaU, 
21LL 

Holthouse (C.) on increasing: the light of 
a common Argand lamp, iQ. 

Hopkins (Mr.) on certain geological phte- 
nomena of elevation, and their probable 
connexion with the existence of vol- 
canos, lAA^ 

Horizontal intensity, table of, iHA. 

Howard (Luke) on certain variations of 
the mean height of the barometer, mean 
temperature and depth of rain, connect- 
ed with the lunar phases, in the cycle 
of years from 1813 to 1823, HA ; tables 
of variation, of the mean height of the 
barometer, mean temperature, and depth 
of rain, as connected with the prevail- 
ing winds, influenced in their direction 
by the occurrence of the lunar apsides, 
294. 

Hunt (Robert) on the use of hydriodic 
salts as photographic agents, 202, 2 HO ; 
list of snita used by, 206. 

Huygben^' principle applied to physical 
optics. Mr. R. Potter on, 243. AIL 

Hydriodates of pota»sa and soda, on the 
use of, as photographic agents, 2Q1 ; 
of iron, lime, manganese, baryta, 208. 

Hydriodic acid, on the use of, as a photo- 
graphic agent, 2M ; salts, 202. 2M ; 
solutions, 2iH^ 

Hydrochloric and sulphuric acids in elieo- 
liths, 11^ 

Hydrogen, carbo, on the iodide of a new, I . 
Hydromellonic acid and metallic oxides, 

231, 2.38. 

Hyposulphurous acid, uncombined, 77. 
Hyracotherium, on the locality of the, 

Ichnology, 221. 

Ichthyosaurus, dencription of the softpart^, 



and of the shape of the hind fin of the, 

()9. 

Igneous rocks, 518. 

Induction, on magneto-electric, 2S1, 356. 

Inulin, ou the compositioo of, 126 ; ana- 
lysis of, IIL 

lodate of potash in iodide of potassium, 
detection of, iliL 

Iodide of a new cau-bo-hydrogen, on the, 
1; of potassium, detection ofiodate of 
potash in, 31C ; of silver, use oi^ » a 
photographic agent, 2G t. 

Iodine in cod oil, on the presence of, 7LS. 

lodo-ferrocyanate of potassa pare, table of 
piccipiiatc.-s with the, 21LL 

Ireland, south of, on Mr. Weaver's paper 
relative to the mineral structure of the, 
ini- 

Iron, hydriodate of, on the use of, as a pho- 

tographic agent, 208 ; on the strength 
of pillars of cai>l, 2iLL 
Italy, climate of, and other countries in 
ancient times, 92j vegetation of andent« 

Jacobi (M.), comparative roeasnre of the 
action of two voltaic pairs, the one cop- 
per zinc, the other platina-zinc, 211. 

Jeffreys (Julius) on the solubility of silica 
by steam, 23SL 

Johnston (James F. W.) on the iodide of 
a new carbo- hydrogen, 1 ; on the con- 
stitution of the resins, part 4^ 147, part 
5i 38.3 ; on the constitution of ptsotite, 
and on the mudesouii and umdet>ic utcids, 
M2- 

Kane (Dr. R.) on the theoretical consti- 
tution of the compounds of ammonia, 
120; on the chemical history of archil 
and of litmus, 2i22< 

Kater (Capt. H.), astronomical clock in- 
vented by the late, 25^ 

Katzenbuchei, white elsolith from, 1 1 1. 

Kilpatrick Hills, minerals found in (be, 
406. 

Kilpatrick quartz, 417. 

Killarney and Dublin, on the older strati- 
fied rocks near, 270. 

Knox (George James), justification of Mrs. 
Somerville's experiments upon the mag- 
netizing power of the more refrangible 
solar rays, 153. 

Kreil (Prof.), deductions from the first 
year's observations at the magnetic ob- 
servatory at Prague, H8. 

Lampic acid, on the formation of, 76i 

Langlois (M.)on hyposulphurous arid.IL 

Lawson (H.) on the appearance of the 
comet, as seen at Hereford, 309. 

Lazulite, analysis of, 105. 

Lead Hills, occurrence of nine species of 
lead ore in, 1(12. 
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Lead :— occurrence ufsulpbate of, in Lead 
Hills, IM; carbonate of, 4112 ; cupreo- 
siilphutc of, 1112 ; eutphato-carbonate 
of, 4i):i ; sulphato-tricarbonate of, 4Q.3 ; 
phospliate of, 403 ; ciipreo-sulphato- 
carbouitte of, 404 ; chrumo-phu^phate 
of, 405 ; ranadiate of, 

Ltchif^ (Trof.), letter to, on the theory of 
&ub»litutiun8, TAm 

Light, on increasing the, of a common 
Argand lamp, ifl; theoretical explana- 
tion of an apparently new polarity in, 
iiil. 

Lime, hydriodate of, on the use of, as a 

photographic apr^nt, 2QS. 

Litmus, on the chuiuicul history of, and of 
archil, 299. 

London clay, description of the fossil rc- 
nmtns of a mauiuial, a bird, and a ser- 
pent, from the, lAH^ 

Lubbock (J. W.) on the heat of vapours 
and on a«tronomical refractions, 273. 
467. 488 ; on the variation of the semi- 
axis major of the moon's orbit, 

Liinehurg, results of analysis of boracitc 
from, 1Q4. 

Madear (Thomas), further particulars of 
the fall of the cold Bokkeveld meteorite, 
1A2. 

Magnesia, carbonate of, on the aqueous 
solution of, with excess of carbonic 
acid, 340. 

Magnetic observatory at Prague, deduc- 
tions from the 6rst year's observations 
at the, 115. 

Magnetic di»turbiinces, table of, A21. 

Mu^neti^m, terrestrial, contributions to, 
144. 

Magneto-electric induction, 281. 

Manimiferous animals, on the blood cor- 
puscles, or red particles of the, 120. ; on 
certain peculiarities of form in the, 32^ 

Manchester and Bolton railway, fossil 
trees, found on the, ■'S41. 

Mangstnese, hytlriodate of, on the use of 
&s a photographic :<gt'nt, 2 OS. 

Maps, geological : — of Cornwall and De- 
von, 394 ; of England, SO) ; of Ireland, 
; of a large portion of Europe, 3iifi. 

Marchand [R. F.) on the formation of 
lampic acid, 76; on the presence of 
iodine in cod oil, 1&± 

M'Cord (Mr.), observations on the solar 
apd terrestrial radiation made at Mon- 
treal, 23. 

Mean level of the sea, on the, 3lIL. 

Medium, resisting, on the motion of a 
small sphere vibrating in a, 462 ; on 
Prof. Challis's itivtstigation of, 481. 

Metallic oxides, hydromellonic ucid and, 
22JL 



Meteorite, cold Bokkeveld, on the fall of 

the, U2. 

Meteorological observations, monthly, 79^ 
80 ; 139, KiO; 239. 240; 319, 320; 
399, 100 ; 179. 4 SO. 

Mcycu (Dr. F. J. F.) (in the progress of 
Vegetable Physiology, reviewed, Q^a 

Miller (Prof.) on the form and optical 
constants of nitre, 3&; mineralogical 
notices communicated by, 102. 202 ; 
analysis of monazite, 202 ; analyses of 
octahedral copper pyrites, 202 ; on the 
form of rutile, 268. 

Mineralogy : — plumbiferous arragonile, 
102 ; petalite and spodumene, 103 ; 
pooualite and thulite, 103 ; borucite 
from Luneburg, 104 ; nosean, hauyne, 
laznlile and artificial ultramarine, 104 ; 
gniclinite from Glenarni, Ullt ; elaroUth 
and nepheline, 105 ; on Mr. Weaver's 
paper relative to the mineral structure 
of the south of Ireland, liil ; mineralogi- 
cal notices, 202 ; monazite, 202; octahe- 
dral copper pyrites, 2112 ; Mr. Scheerer 
and Mr. Francis on some combinationa 
of arsenic with cobalt, liiU ; Mr. Francis 
on crysullizcd nickel ore, 33i ; on the 
constitution of pigotite, 382 ; mining 
rc-cordii' office, Ml ; on the minerals 
found in the neighbourhood of Glasgow, 
an ; stellile, MI; Thomsonite, 407 ; 
nasolite, lllfl ; mesolite, scolezite, ; 
Glottalite, Laumonite, 410 ; chabazite, 
411; analcime, cluthalite, 413 ; Stil- 
bite and Heulandite, harmotome, 414 ; 
Philipsitc and morvenite, 415 ; WoUas- 
tonite, 415 ; Prasolite, Labradorite, 416; 
sulphurct of Cadmium, 417; Grecnoc- 
kite, 418 ; pyrrhite, llS ; pibliie, dy- 
Bodil, 479. 

Mitchell (Dr. James) on the foul air in 
the chalk and strata above the chalk 
near London, QQ± 

Monavoutlagh conglomerate, 

Monazite, analysis of, 2112x 

Montreal, on the solar and terrestrial ra- 
diation made at, JS. 

Moon's orbit, on the variation of the semi- 
axib major of the, 338. 

Mudesous and mudesic acids, M2. 

Murchison (R. L) and Major Sabine, ge- 
neral secretaries of the British Associa- 
tion, address of the, at Glasgow, 441,482. 

Muriate and nitrate of copper, on the use 
of, as photographic agents, 2111. 

Muriatcd ^uiutious, on the use of, as pho- 
tographic agents, 2ML 

Muscles, voluntary, on the minute struc- 
ture and movements of, 'AHG. 

Museums: — of oecunoinic geology, 308 ; 
local, M2 i British, dM. 
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Nepheline.and ElaeoUth, 10^ ; from Monte 
Somma, 109 ; analysis of, lOt^. 

Nervous system, on the, 146. 

Nickel ore, on crystallized, 325 ; analysia 
of, 

Nitre, on the form and optical constants 

of, as. 

Nitntt!s formed by direct combination, l^iL 

Nomenclature, chemical, 

Norwich, chalk near, on the Paramoudra 
from the, 22iL 

Noscan, analysis of, 104. 

Notices respecting new books: — Dr. F. J. 
F. Meycn,on the progress of Vegetable 
Physiology during the year 1837, fi^ 

Octahedral copper pyrites, analyses of, 2112. 

Oils : — on the presence of iodine in cod, 
78 ; potatoe spirit, of the French che- 
mists, 86j detection of alcohol in essen- 
tial, 232 ; on the detection and estima- 
tion of colophony, when dissolved in 
the fixed, 2M< 

Optical constants of nitre, on the form 
and, iS. 

Optics, physical, on Huyghen's principle 
applied to, 241, ^31. 

Organic radicals, 1 7U. 

Ornithorhynchtu hyttrix, on the form of 
the blood [Kirticlea of the, 2M. 

Owen (Uichard), description of the soft 
parts, and of the shape of the hind fin 
of the ichthyosaurus, 69 ; description 
of the fossil remains of a mammal, a 
bird, and a serpent, from the London 
clay, lis. 

Oxide, blue, of titanium in i^oriae, afiS ; 

blue, of titanium, ^A2, 
Oxides, metallic, 

Oxinantown (Lord) on experiments' on 

the rtdecting telescope, 3ti0. 
Palsontology, ilSL 

Palestine, Egypt, the southern limit of the 
vine, aL 

Palgrave (Sir Francis) on the shooting 
stars of 1095 and 1243, lA^ 

Paramoudra from the chalk near Nor- 
wich, on the, 2^ 

Parnell (E. A.) on the composition of 
inulin, L2fi ; on sulphocyanogen, 243* 

Pttttiusou (U. L.) on the electricity of high- 
pressure steam, 375 ; further experi- 
ments on the electricity of steam, 457. 

Pembrokeshire coal, analysis of, 2 IS. 

Pepsin — the principle of digestion, 212. 

Petalite and spodumenc, analyses of, IM. 

Photographic agents; — on hydriodates as, 
2112 ; preparation of the paper, iOi ; 
use of sulphate and nuiriate of iron as, 
204 ; of acetate and nitrate of lead ; of 
muriate and nitrate of copper ; of chlo- 
ride of gold, 2Ai; of the muriated bo- 



lutions, 2M; of the solution of silver; 
of the hydriodic solutions ; of the hy- 
driodates of polassa and soda, 207 ; of 
iron, lime, manganese, hydriodic acid, 
bydriodate of baryta, 20S ; of hydriodic 
salts as, 2fiil ; of iodide of silver as a, 
2fiiL 

Photographs, prepamtion of the paper for 

taking, 203; direcUons for taking, 209 ; 

on fixing them, 2±Q ; on the darkening 

of the, 2fiiL 
Phosphoric acid, crystallised, composition 

of, 2iLL 

Physical optics, on Huyghen's principle 
applied to, iJ4^ 4AL 

Pigotite, on the constitution of, 382. 

Pihlite, a new mineral, 479. 

Pillars of cast iron, on the strength of, 
and other materials, 2i) t. 

Pirropina and chelidonia, 5 13. 

Platina, carburet of, 2A1; on a new com- 
pound of, 397 ; on the reduction of 
potassio-chloridc of, LiL 

Platina-zinc and copper-zinc voltaic palri>, 
211. 

Pleiades, catalogue of the, by Mr. Snow, 
310. 

Plumbiferous arragonite, li)2. 
Poonalitc and thnlite, anrilvi-is of, 103. 
l^ortland and Wealden fonnation^, 
Positive geology — Devonian system, 
Potassa pure, iodo-ferrocyanate of, table 
of precipitates with the, 2fLJ ; table of 
precipitates with the red ferrocyanate 
of,2fiL 

Potassio-chloridc of platina, on the reduc- 
tion of, 157. 
Potassium, ferrosesquicyanuret of, iS_l ; 

detection of iodate of potash in iodide 
of, 3 IG ; on the furrosCMiuicyanurei of, 

m. 

Potatoe spirit oil of the French chemists, 
tt£ ; its composition, Si, 

Potter (R.) on Huyghen's principle ap- 
plied to physical optics, 213, 431. 

Powell (Rev. Baden) on the theory of the 
dark bands formed in the spectrum, 
from partial interception by transparent 
plates, dJ ; on the solar spectrum, 144. 

Prague, magnetic observatory at, deduc- 
tions from the first year's observations 
at the, im 

Precipitate;;, table of, with the iodo-ferro- 
cyanate 0^ potassa pure, Ml ; with the 
red ferrocyanate of potassa, 2ILL 

Prismatic bpectrum, on the theory of the 
dark bands formed in the, &L. 

Protein, on the, of the crystalline humour, 

aaa. 

Pyrites, copper, anal y ses of octah edral , 202. 
Pyrrhite, a new mineral, 478. 
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Qmwtr, Kilpafrick, 417. 

Radicals organic, 112. 

Rammelsberg (M. C), results of analysis 
of boracite from LiirifburR, 104 ; two 
analyses ofgnielinite rruniGlenarni,lQA. 

Reade (Dr. Joseph) on the permanent 
soap-film and on thin plates, 'd2^ 

Red particles of the mammiferous animals, 
on the, L29. 

Refractions, astronomical, 467. 488 ; table 
of mean, 501. 

Researches on the tides, note to the ele- 
venth series of, 146. 

Resins, on the constitution of the, 147, 

Richardson (W.) on the locality of (he 
Hyracotherium, 22fi> 

Rigg (R.) on Mr. Smith's experiments on 
fermentation, 2iL 

Rose (H.) on decrepitating sail of Wie- 
Hcxka, 318. 

Ross (CapU JL Clark), magnetical obser- 
vations made on shore, and on board 
IL M. S. the Erebus and Terror, 222. 

Royal Geological Suciety uf Cornwall, 
27th annual report of the council. 

Royal Institution, proceedings of meet- 
ings of the, 1A± 
Royal Irish Academy, proceedings of the. 

Royal Society, proceedings of the, 142, 
292, aaOr 

Rutile, on the form of, 203. 

Sabine (Major Edward), contributions to 
terrestrial magnetism, 144. 

—————— ^— and LieuL-Col. 

Sykes, on the meteorological observa- 
tions made at Alten, Finmarken, by 
Mr. S. IL Thomas in 1837, 1838 and 
1839, 295. 

and R. L Murchi- 

son, general secretaries of the British 
Association, address of the, at Glasgow, 
441. 482. 

SaUola tragus, analysis of the ashes of 
the, 7L 

Salts used by Mr. R. Hunt as photogra- 
phic agentii, 206 ; colours produced by, 

20fi, 207. 

Scanlan (M.), detection of iodate of potash 

in iodide of pot;issiuro, 3 16. 
SchafhaeutI (C.)on the electricity of steam, 

Schecrer (Theodore) on elsolith and ne- 
pheline, 105. 

— — — ^— ^— and William Fran- 
cis, on some combinations of arsenic 
with cobalt, 331. 

Schcenbein (Prof.) on (he odour accom- 
panying electricity, 21iiL 



Schools:— of civil and mining engineering 
in the univer^iities of Durliaiu and Lon- 
don, 390 ; of mines in Cornwall, -to I. 

Scoria, blue oxide of titanium in, 3118. 

Sea, on the mean level of the, 321. 

Semi-axis miyor of the moon's orbit, on 
the variation of the, 

Shooting-stars of 1095 and 1243, on the, 
143. 

Silica, on the solubility of, by steam, 2fi5L 

Silver, solution of, on the use of, as a pho- 
tographic a^jent, 207. 

Smee (Alfred) on the ferrosesquicyanurel 
of potassium, 193, 381. 

Smith (J. D.), experiments on fermenta- 
tion, observations on, 3fi; on the de- 
tection and estimation of coluphuny 
(common rosin), when dissolved in the 
fixed oils, 2fiiL 

Snow (R.), observations of the comet 
made at Ashurst and Dulwich, 309 ; 
catalogue of the Pleiades, 310 ; on the 
variability of • Castiopeia, 310. 

Soap-film, on the permanent, 32 ; experi- 
ments on, 3^ ; asccniiiug and descend- 
ing currents in a, 35^ 

Societies, Learned : — Geological, (UV, 1 19, 
226, 303. 387, 508 ; Royal, 142, 292i 
3^; Koyal Irish Academy, liS; Cam- 
bridge Philosopliical, 154; Koyal Astro- 
nomical, 309 ; Geological Committee of 
English Agricultural. 390 ; Polytechnic, 
of Cornwall, 2fi2 ; Royal Institution of 
South Wales, 3<)3; Royal Geological, of 
Cornwall, 474. 

Solar spectrum, on the action of the dis- 
severed rays of the, on dark photogra- 
phic papers washed with an Uydiiodatc 
liquid, 

Solar and terrestrial radiation made at 
Montreal, observations on the, 78. 

Somerville (Mrs.), experiments upon the 
magnetizing powers of the more re- 
franj^ihle sohir rays, justification of, 1 53. 

South Wales, unthnicite coal of,on the, 21 L 

Spectrum, prismatic, on the theory of tlie 
dark bands formed in the, 8j_; solar, 
on the action of the dissevered rays of 
the, on dark photographic papers wash- 
ed with an hydriodate liquid, 2fi^ 

Sphere, on the motion of a small, vibra- 
ting in a resisting medium, 462. 

Spodumene and petalite, analyMs of, 103. 

Sykes (Lieut.-Col.) and Major Sabine on 
the meteorological obi>ervationi> made 
at Alten, Finmarken, by Mr. S. H. 
Thomas, in 1837, 1838 and 1839, 295. 

Sylvester (Prof.) on elimination, 379. 

Steam, on the solubility of silica by, 229 ; 
electricity of a jet of, issuing from a 
boiler, 310 ; electricity of high-pres- 
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sure, ^IH : electiicity of, 449. 457 : of 
effluent, <.'>2. 

Storuik, on the Inw of, MiL 

Substitutions, on the theory of, 75j on 
the law of, 

Sulphntc of carbyle, 235. 

Sulphate and muriate of iron, on the uac 
of, as photofH'aphic agents, 2ILL 

Sulphocyano{(en, on, 2 tO ; its composition, 
249 ; analysis of, 251 ; action of alka- 
Hes on, 253 ; of thiocyanides, of bary- 
tes, of copper, 2^ ; of lead, of silver, 
257 ; of mercury, 'j'lR. 

Sulphuric and bydriK-hloric acids in clar- 
oliths, 1 13. 

Supcrcretaccous formntions, 515. 

Surfuccft ot' the second urder, focal proper- 
tics of, laa. 

Taylor (Thomas) on a new species of bi- 
liary calculuii, &. 

Telescope, reflecting, experiments on the, 

Temperature, on certain effects of, IZSL 
Tension spark from the voltiilc battery, 

on the, 212. 
Terrestrial magnetism, contributions to, 

LLL 

Theoretical opinions in electricity. Dr. 
Hare's letter to Prof. Faraday on cer- 
tain, ii. 

Theory of substitutions, on the, 75 ; elcc- 
tro-chemir.ll theory, 183. 

Thomas (llichurd) on some tide observa- 
tions, 1^ 

Thomson (Dr. T.) on the minerals found 
in the neighbourhood of Glasgow, 401. 

Thulite and poonalite, analysis of, LQ^ 

Tide observations, remarks on some, 134. 

Tides, resenrches on the, note to the ele- 
venth series of, 1^ ; twelfth scries, 384. 

Titanium, blue oxide of, in scoriir, 398 ; 
blue oxide of, 

Tovey (John) on Mr. Potter's application 
of Huyghens' principle in physical op- 
tics, 431. 

Ultramarine, artificial, analysis of, lUi. 



Urine of the eleph.inf, on the, 1 56. 

Vfipniirs. heat of, on the, 272, tfiT. 488. 

Varrcntrapp (M. F.), results of analyses of 
noscan, hauyne, lazulite, and arti6cial 
ultramarine, 104. 

Vegetation of Ancient Italy, fl2- 

Vine, Palestine, Egypt, the southern li- 
mit of the, 91 ; cultivation of the, in 
nritain, S!L 

Voltaic pile, on the source of power in the, 
LLi ; battery, on the tension spark from 
the, 215; electricity, chemical and con- 
tact theories of, "237 ; pnir?. compara- 
tive measure of the action of t^vo, 1 1 - 

Walton (Rev. W,), extracts from a meteo- 
rological journal kept at Allenheadt, 

Waterford Haven, on the geology around 

the shores of, 
Weuldcn and Portland formations, 512. 
Wealdens and coal-fields, on the origin 

and vegetation of our, 51 ; theory of, 

fii 

Whewell (Rev. W.), note to the eleventh 
series of researches on the tide*. Ht» : 
on the mean level of the sea, 32 1 ; on 
the tides : on the laws of the ri$e and 
fall of the sea's surface during each tide, 
381. 

White elieulilh from Katzenbuchel, in the 

Odenwnlde, 111; analysis of, by Mr. 

Francis, 1 12. 
Wieliczka, decrepitating salt of, UB. 
Williams (Rev. D.) on the great grey- 

wacke system of West Somerset, Devon 

and Cornwall, 71. 
Wollaston prizes, presentation of the, 
Woods (Samuel) on the anthracite coal o( 

South Wales, 211. 
Worms, 523. 

Yorkc (Lieut.-Col.) on electro-chemical 

equivalents, 
Ztisc (M.) on acechlor-pUtina, 1 j7. 
Zinc, hydrous silicate of, from Lead Hills 

40fi ; analysis of, IM. 
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